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We  offer  this  book  to  teachers  and  students  alike  as  a  proper  guide 
in  Histology. 

Professor  Krause  strikes  a  keynote  in  his  preface  to  the  book.  The 
study  of  Histology  should  go  hand  in  hand  with  that  of  Anatomy.  The 
one  cannot  be  separated  from  the  other  nowadays  without  serious  injury 
to  the  student. 

The  microscope  is  the  hand-maid  of  anatomy.  For  this  reason  it  has 
been  deemed  expedient  to  publish  the  book  in  two  separate  sections. 

The  first  part  is  simply  a  guide  to  the  technique  of  microscopy,  and 
may  be  used  by  students  of  medicine  as  well  as  by  those  who  pursue  sub- 
jects of  science  foreign  to  medicine. 

The  second  part  deals  exclusively  with  histology  appertaining  to  medi- 
cine.    Either  part  may  be  obtained  independent  of  the  other. 

In  bringing  this  work  before  the  public  it  is  the  author's  aim  to  give 
to  the  student  a  book  of  reference  which  is  both  practical  and  theoretical, 
as  well  as  to  furnish  the  teacher  with  a  text-book  which  provides  him  with 
a  detailed,  yet  clear,  concise  and  methodical  guide  through  the  course  of 
Microscopy  and  Histology. 

So  far  as  the  student  of  medicine  is  concerned,  he  will  find  therein  much 
valuable  information  appertaining  to  the  microtechnique  which  must  neces- 
sarily be  taught  to  the  exclusive  student  of  Pathology.  The  subject  of 
microtechnique  is  in  most  all  English-written  books  on  this  topic  treated 
but  very  briefly.  This  work  not  only  teaches  the  student,  in  a  most  thor- 
ough fashion,  the  theory  and  manipulation  of  the  microscope,  but  enables 
him  to  acquaint  himself  with  all  the  methods  employed  in  preparing  a  spec- 
imen for  microscopical  examination  from  start  to  finish. 
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Fig.  1. — Liver-Cell  of  the  Salamander 

Fig.  2. — ^Liver-Cell  of  the  Axolotl 

Fig.  3. — Isolated  Cells  from  the  Epidermis  of  the  Axolotl 
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pagee  of  Part  11.    The  plain  figures  refer  to  Part  I. 


I    THE  CELL 
Fig.  1. — ^Liver-Cell  of  the  Salamander 

1000.     %.     Sublimate,  8%.     Frozen  section.     Biondi  s<dution. 

Liver-CeU  of  the 
Salamander  Section. 

If  we  desire  to  obtain  a  typical,  clear  picture  of  the  structure  of  the  ani- 
mal cell,  it  will  be  most  profitable  to  select  the  tissues  of  the  tailed  am- 
phibia, which  distinguish  themselves  by  especially  large  cells.  Among  the 
amphibia  the  fire  salamander,  salamandra  maculata,  will  give  the  best  result  s« 
provided  the  animals  are  in  a  state  of  good  nutrition.  Specimens  caught 
early  in  spring  are  the  best.  When  bought  from  a  dealer,  they  should  be 
kept  for  a  few  days  in  a  terrarium,  well  fitted  out  with  damp  moss,  and 
should  be  fed  with  earth  worms.  Of  the  different  organs  the  liver  is  to  be 
recommended  as  most  efficient. 

The  animal  is  killed  by  severing  the  head,  and  the  spinal  cord  is  de- 
stroyed with  a  thin  wire,  taking  care  not  to  have  one's  eyes  too  near  the 
animal,  since  the  milky  secretion,  which  is  spurted  at  some  distance  from  the 
cuticular  glands,  will  cause  a  serious  conjunctivitis.  After  opening  the  ab- 
dominal cavity,  the  liver  is  excised  and  cut  into  moderately  sized  pieces, 
which  are  placed  in  a  vessel  containing  100  cm^  of  3%  solution  of  corrosive 
sublimate  (p.  31).  The  pieces  are  now  washed  overnight  in  running  water 
and  then  brought  to  5%  formalin.  After  a  day  they  may  be  cut  in  the 
freezing  microtome  into  sections  of  10-25  pi  in  thickness,  which  can  either  be 
stained  in  Biondi  solution  (p.  67)  at  once  or  may  first  be  placed  in  a  fixing 
soda  solution  overnight,  to  remove  sublimate  coagula.  After  that  they  are 
thoroughly  washed  in  water  and  finally  stained.  Mounting  is  done  in  Canada 
balsam  or  le\ailose. 

A  place  in  the  middle  of  a  section  is  selected,  and  at  once,  with  even  a 
low  power,  we  wiU  recognize  the  general  structure  of  the  organ,  consisting  of 
single  cells,  arranged  in  branching  arms,  similar  to  spokes  of  a  wheel.  Eacli 
cell  (Fig.  1)  has  a  red  stained  body,  enclosing  within  it  a  nucleus  of  a 
greenish-blue  color.  After  studying  the  general  aspect  of  the  specimen  with 
low  or  medium  power,  we  select  a  favorable  field  for  detail  study  with  the 
immersion  lens. 

The  cells  are  polyhedral,  comers  and  edges  being  rounded  off.  This  can 
be  especially  well  recognized  in  thick  sections,  while  thinner  cuts  will  naturally 
give  pure  section  pictures,  viz.,  squares,  pentagons  or  hexagons  with  un- 
equally long  sides  and  rounded  corners. 
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f  Cell-RoJy. 

Studving  (I  single  eell-body  we  notice  at  once  a  meshwork  design.  The 
entire  cfil-body  consists  nf  rod  stained  meshwork,  enclosing  small  round, 
respectively  spherica!  spaces.  This  framework  is  not  evenly  constructed 
throughout  the  cell-body,  but  presents  essential  differences.  In  some  places 
the  bars  are  more  developed  than  in  others,  rendering  the  spaces  correspond- 
ingly smaller;  they  may  even  attain  such  a  size  as  to  obliterate  the  spaces 
entirely  in  certain  regions.  We  generally  find  that  a  certain  part  of  the  cell- 
body,  near  the  periphery,  is  especially  dense,  the  framework  gradually  be- 
coming looser  as  we  leave  this  point. 

The  Protoplaifm. 

This  framework  has  received  the  name  protoplasm.  Thus  the  proto- 
plasmic bars  (pfe)  enclose  the  empty  spaces  (hr)  appearing  in  our  speci- 
men; the  nature  of  the  latter  will  be  discussed  later.  They  are  usuallv  called 
vacuoles,  and  a  protoplasm  is  spoken  of  as  vacuoHzed;  they  are,  however, 
not  true  vacuoles,  i.e.,  flaws,  absolutely  separated  from  their  neighbors,  but 
here  wc  have  communicating  spaces,  similar  to. those  of  a  bath-sponge. 
Kchphum. 

Toward  the  centre  the  bars  become  broader  and  end  at  the  nucleus,  while 
at  the  cell  periphery  they  unite  to  form  a  layer,  which  shuts  off  the  cell  from 
the  exterior.  Such  a  layer,  which  must  not  be  mistaken  for  a  membrane 
such  as  we  have  met  in  the  study  of  the  plant-cell,  is  designated  as  ec(o> 
ptasm  or  cmsfo. 

Thi-  Mirrofomes  qj 
Ihr   Proloplusm. 

Closer  observation  of  the  protoplasmic  bars  will  reveal  that  they  are  not 
homogeneous,  but  composed  of  very  fine  granules,  microsomes.     These  are 
so  minute  in  part  that  they  cannot  be  discerned,  but  partly  are  larger,  espe- 
cially at  the  point  of  junction  of  the  bars  (mc), 
Thr  Niichut, 

which  will  now  be  discussed,  occupies  a  goodly  part  of  the  cell  in  this  speci- 
men— approximately  a  third  or  even  half.  It  is  spherical  in  shape  and  dis- 
tinctly separated  from  the  cell-body. 

yuflrar  Chromalin. 

The  most  prominent  part  of  the  nucleus  is  the  chromatin  (chr).  While 
the  protoplasm  has  selected  one  of  the  acid  dyes  of  the  Bkmdi  solution,  the 
acid  fuchsin,  the  chromatin  has  taken  the  basic  methyl  green,  contrasting  in 
its  blue  color  from  all  the  other  elements  of  the  cell.  The  blue  chromatin  is 
found  in  the  interior  of  the  nucleus,  in  the  form  of  irregular,  jagged  lumps; 
furthermore  it  forms,  at  the  nuclear  periphery,  a  layer,  not  quite  contin- 
uous, the  so-called  chromatic  nuclear  membrane  (rfirm).  Connecting 
the  latter  with  the  chromatin  lumps  are  seen  chromatin  threadsi  al"'* 
Serving  to  link  the  various  lumps  together.  The  nuclear  chromalin  thus 
forma  a  spherical  enclosure  bounding  the  interior  of  the  nucleus,  which  is. 
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however,  not  complete,  but  perforated  in  many  places.  On  its  inner  surface 
this  cell  has  many  excrescences  and  processes,  from  which  thin  threads 
emanate,  interlacing  in  their  course  to  form  a  network.  At  the  points  of 
intersection  smaller  or  larger  lumps  of  chromatin  are  deposited. 

The  Nucleoli. 

Of  the  remaining  elements  of  the  nucleus  ^the  nucleoli  (kk)  are  the  most 
prominent.  They  are  two  small  spherical  or  ovoid  bodies  in  the  interior  of 
the  nucleus,  staining  intensely  red.  They  are  not  found  entirely  free,  but 
are  resting  on  or,  as  in  our  specimen,  close  to  the  chromatin- framework. 
The  substance  composing  them,  paranuclein  or  pyrenin,  takes,  as  we  see,  the 
same  acid  dye  as  the  protoplasm,  thereby  differing  sharply  from  chromatin* 

The  Achromatic  Substance 
of  the  Nucleus. 

The  remaining  part  of  the  nucleus  appears  filled  with  a  faintly  red 
granular  mass,  to  which  the  name  achromatic  mbstcutce  (ctchr)  has  been 
given  in  contradistinction  to  chromatin  and  the  nucleoli.  A  closer  study  of 
the  nature  of  this  substance  cannot  be  made  on  our  specimen,  but  we  may 
state  here  that  it  takes  part  in  walling  off  the  nucleus  in  the  form  of  the 
achromatic  membrane  and  is  to  be  found  in  the  interior  of  the  nucleus  as 
fine  granules  and  threads,  which  in  part  are  intimately  mixed  with  the  chro* 
matin. 


Fig.  2.— Liver-Cell   of  the  AxolotP 

1000.     %.     Sublimate,  8%.     Frozen  section.     Biondi  solution. 

Liver-Cell  of  the  Axolotl  in 
Section. 

As  a  second  object  for  the  study  of  cell  construction  we  have  selected  the 
liver-cell  of  the  axolotl.  This  animal,  easily  obtainable  from  any  dealer,  is 
the  larva  of  a  Mexican  salamandrid,  living  in  water.  It  can  be  raised  in  any 
aquarium  with  a  good  plant  supply,  propagates  even  in  the  larval  state,  fur- 
nishing excellent  material  for  histologic  as  well  as  embryological  studies. 

The  care  and  handling  of  the  animal  is  the  same  as  that  described 
previously. 

After  a  general  examination  with  low  and  medium  power  we  again  select 
a  part  from  the  middle  of  the  section  to  be  studied  with  the  oil  immersion 
lens. 

Fundamentally  this  picture  (Fig.  2)  is  identical  with  the  first,  yet  it 
differs  widel}^  although  the  liver-cell  of  the  axolotl  is  larger  than  that  of  the 
salamander.  We  are  the  more  surprised  to  find  its  nucleus  to  be  compara- 
tively small,  scarcely  measuring  one-third  the  size  of  the  salamander  nucleus. 
We  thus  learn  from  this  specimen,  that  a  larger  cell  need  not  necessarily 


-.:=.'^ 


^  Amblystoma  mexicanum=Iarva  of  a  Mexican  salamandrid. 


have  a  larger  nucleus  than  a  smaller  cell,  i.e.,  there  ia  no  constant  relation 
between  the  size  of  the  nucleus  and  that  of  the  cell,  neither  in  closely  related 
animals  nor  even  in  the  same  animal,  as  we  will  see  later. 

The  frameworlc  of  the  protoplasm  in  this  specimen  is  extremely  minute, 
and  the  interspaces  appear  relatively  large.  Here,  too,  we  find  a  difference 
in  density  in  different  parts  of  the  protoplasm.  Microsomes  are  quite  dis- 
tinct in  various  places.  At  the  crossing^points  in  the  framework  we  find 
aggregations  of  microsomes,  which  often  give  the  impression  of  compact 
bodies,      Again   we  find  the  interspaces   communicating   among  themselves. 

While  the  large  nucleus  of  the  salamander  liver-cell  was  only  sparingly 
provided  with  chromatin,  we  find  the  small  nucleus  of  the  axolotl  liver-cell 
abounding  in  chromatin;  this  may  go  on  to  such  an  extent  that  the  entire 
nucleus  is  so  densely  packed,  that  the  achromatic  substance  is  hard  to  dis- 
cern, and  even  the  nucleoli  (kk),  which  are  always  present,  can  hardly  be 
recognized.  The  chromatic  membrane  (chrm)  in  such  cases  is  thicker  and 
almost  uninterrupted. 


I  Fig.  3. — Isolated  Cells  from  the  Epidermis  of  the  Axolotl 
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JtolaUil  Cflh  from  Ihi' 
Spidermi»  of  Ihe  A:coloU. 

Besides  the  previous  sections  it  is  advisable  to  study  an  isolation  sped- 
men,  which  in  more  than  one  way  will  complement  and  further  the  observa- 
tions made  on  the  former.  Fresh  isolated  cells  can  be  easily  procured  by 
scraping  lightly  over  a  freshly  cut  surface  of  any  organ,  taken  from  a  re- 
cently killed  animal;  the  tissue  pulp  collecting  on  the  scalpel  is  distributed 
on  the  slide  under  addition  of  a  few  drops  of  saline  solution. 

Since  we  want  to  examine  stained  specimens,  we  must  proceed  as  follows. 
A  piece  of  the  tail  of  a  living  axolotl  is  snapped  off  with  scissors.  This 
brief  operation  will  not  damage  the  animal,  and  in  a  few  weeks  or  months  the 
tail  will  be  regenerated.  The  specimen  is  placed  on  a  glass  plate,  the  latter 
reversed  and  placed  in  a  properly  sized,  low  glass  tray,  the  floor  of  which  is 
just  covered  with  acetic  acid.  After  five  to  ten  minutes  the  vapors  of  the 
acid  have  fixed  and  loosened  the  superficial  layers  of  skin,  which  may  easily 
be  completely  detached  with  a  scalpel.  The  small  shreds  so  obtained  arc 
put  in  a  watcli-glass,  and  a  few  drops  of  BioTuli  solution  added  (p.  fi?)"; 
after  one-half  to  one  hour  of  staining  we  transfer  to  0,5%  solution  of  acetic 
acid,  where  the  excess  dye  is  extracted,  and  now  a  small  particle  is  mounted 
in  a  drop  of  levulose.  Stirring  with  a  needle  will  isolate  the  cells  easily  and 
eonipletely. 

The  cells  obtained  in  this  manner  arc  of  different  sizes,  but  always  con- 
Hiderahly  smaller  than  the  liver-cells.  They  vary  greatly  in  shape,  which  caa 
be  detected  by  carefully  moring  the  cover-glass.  Partly  the  cells  will  adhere 
together,  Ix'ing  conglomerated  to  larger  or  smaller  massci. 
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Nuclei  show  different  forms  and  shapes,  and  the  proportion  between  the 
size  of  nucleus  and  cell  will  be  inconstant.  In  the  protoplasm  we  fail  to  rec- 
ognize the  framework,  all  appearing  granular.  Some  cells,  not  all,  we  notice 
surrounded  by  a  narrow,  lighter  layer.  Upon  closer  inspection  we  notice 
that  this  outer  layer  consists  of  processes  of  the  cell-body,  which  serve  to 
connect  neighboring  cells.  These  celhbridges,  so-called,  will  receive  further 
consideration. 

The  nuclei  are  poorly  supplied  with  chromatin,  and  the  chromatic  mem* 
brane  is  very^  thin. 

Leydig's  Cells, 

Besides*  the  ordinary  epithelial  cells,  we  are  apt  to  meet  singular,  much 
larger  cells,  commonly  called  Leydig^S  cells  (Lz).  The  most  striking  and 
interesting  feature  regarding  these  cells  is  a  well-developed  meshwork  of 
fibres,  taking  a  deep  red  stain.  By  focussing  with  the  micrometer-screw  we 
convince  ourselves  that  this  fibrous  structure  is  situated  in  the  outermost 
cell^periphery  only,  enveloping  the  cell,  as  it  were,  with  a  mantle.  The  fact 
is  that  we  are  dealing  with  fibres  of  protoplasm,  which  have  differentiated 
themselves  in  this  peculiar  fashion  in  the  peripheral  layer  of  the  cell-body. 
In  the  interior  of  the  cell  we  find  a  moderately  large,  generally  irregular 
nucleus  surrounded  by  a  zone  of  dense  protoplasm.  The  remainder  of  the 
cell  appears  faintly  red  and  structureless.  When  cells  are  examined  in  the 
fresh  state,  or  after  an  appropriate  vital  staining  process,  this  part  of  the 
cell  will  be  found  to  contain  a  granular  secretion.  We  may  regard  Leydig*s 
cells  as  monocellular  glands,  such  as  are  abundantly  found  in  the  inverte- 
brates. Among  the  vertebrates  we  find  them  only  in  the  lowest  classes,  and 
then  only  in  a  state  of  retrogressive  change. 

Another  important  property  of  the  animal  cell  is  illustrated  in  this  speci- 
men. Searching  through  those  places  where  the  cells  are  not  entirely  iso- 
lated, but  cling  together  in  small  groups,  we  will  frequently  notice  between 
the  polyhedral  epithelial  cells  nucleated  cells,  containing  a  small  amou'it  of 
protoplasm  and  possessing  most  peculiar  shapes. 

Migrating  Cells, 

In  Fig.  8  the  cell  (ttz)  is  club-shaped.  These  cells  are  migrating,  or 
MJOander  cells;  they  move  actively  about,  passing  between  the  epithelial 
cells,  and  their  bizarre  shapes  are  due  to  the  act  of  squeezing  through  the 
narrow  intercellular  spaces.  Most  of  the  cell  is  occupied  by  the  nucleus,  the 
cell-body  being  limited  to  a  narrow  red  band.  The  morphological  changes 
experienced  by  such  cells  must  needs  principally  affect  the  nucleus,  which 
goes  to  prove  that  the  nucleus  is  not  a  rigid  structure,  but  may  adapt  itself 
to  surrounding  conditions.  It  is  probable  that  the  nucleus  itself  is  capable  of 
executing  active  movements. 


PLATE  2 

Fig.  4. — Migrating  Cell  from  the  Lymphatic  Peripheral  Layer  of 

the  Salamander  Liver 

Fig.  S. — ^Migrating  CelU  from  the  Liver  of  the  Axolotl 

Fig.  6. — Giant  CelU  from  the  Bone  Marrow  of  the  Rabbit 


Fig.  4. — Migrating  Cell  from  the  Lymphatic  Peripheral  Layer  of 

the  Salamander  Liver 

1000.     Sublimate,  8%.    Frozen  section.    Btondi  solution. 

Migrating  Cells  of  the 
Salamander  Liver, 

Within  recent  times  a  new  cellular  element  has  been  discovered,  in  addi* 
tion  to  nucleus  and  cell-body,  the  central  bodies  or  centriola,  also  known 
as  polar  bodies*  They  have  been  demonstrated  in  many,  not  all,  cells,  and 
are  quite  favorably  represented  in  our  specimens  of  the  salamander  and 
axolotl  livers. 

Looking  over  our  salamander  preparation  with  low  power,  we  will  notice 
structural  peculiarities  in  the  outer  zone,  i.e.,  the  surface  of  the  liver,  differ- 
ent to  those  which  we  have  found  in  its  interior.  Within  a  more  or  less  ex- 
tensive zone  the  characteristic  liver  structure  is  lost,  the  cells  failing  to 
arrange  themselves  in  bars,  but  being  irregularly  massed  together.  The  cells 
are  considerably  smaller.  This  diminution  in  size  affects  mainly  the  cell-body, 
which  latter  also  lacks  the  typical  mesliy  structure  of  the  liver-cell.  Let  us 
examine  this  so-called  lymphatic  layer  with  high  power. 

The  nucleus  shows  no  material  changes,  excepting  in  shape,  which  will 
be  more  closely  considered  in  the  next  specimen.  Tlic  cell-body,  as  previously 
stated,  consists  only  of  a  narrow  court  around  the  nucleus,  excepting  in  one 
spot,  where  it  becomes  more  extensive  and  shows  a  delicate  network  of  pro- 
toplasm. A  fixed  order  of  arrangement  seems  to  prevail,  consisting  in  con- 
centric fibres,  radiating  from  one  point.  Tliis  centre  is  situated  more  or 
less  closely  to  the  nuclear  surface,  and  is  represented  by  a  small,  intensely 
red  body,  which  has  received  the  name  centred  body  or  centriole.  Quite 
often  two  centrioles  are  found  in  place  of  one.  They  lie  in  close  approxima- 
tion and  not  infrequently  are  connected  by  a  thin  bridge — the  centr€>SOmc. 
The  central  bodies  are  surrounded  by  a  protoplasmic  court,  which  stains  more 
intensely  than  the  remaining  cell-body  and  is  separated  from  the  latter  by  a 
thin  layer  of  granules.  The  entire  globular  arrangement  around  the  cen- 
trioles has  been  called  the  centrosome.  Emanating  from  it  we  see  the  pro- 
toplasmic rays  approaching  the  periphery,  some  following  a  straight  course, 
others  describing  a  curve  around  the  nucleus.  These  rays  cannot  always  be 
distinguished  from  the  rest  of  the  protoplasm,  but  in  favorable  cases  their 
more  intense  staining  will  render  it  possible  to  trace  them  for  some  distance. 

Arclioplasm. 

The  system  of  threads  described,  together  with  its  point  of  exit,  the 
centrosome,  has  been  called  the  archoplosm,  in  contradistinction  to  the 
remaining  protoplasm. 
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Fig.  5. — Migrating  Cells  from  the  Liver  of  the  Axolotl 
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Uij/raling  Cell  of  thr 
zoloil   Liver. 


Frozen  section.     Bordeaux  R.     Iroti-aluiii- 
hsmatoxylin. 


The  migrating  cell  of  the  axolotl  liver  likewise  furnishes  excellent  mate- 
rial for  the  study  of  centrioles.  The  preparation  of  the  slide  is  the  same  a» 
before,  excepting  that  we  stain  the  frozen  sections  differently.  They  are 
first  stained  for  from  two  to  three  hours  with  a  thin  watery  solution  of  Bor- 
deaux R.  (p.  65),  washed  well  in  water  and  treated  according  to  the  iron- 
alum-hicmatoxylin  method  (p.  57).  While  being  reduced  in  the  iron-alum 
the  totally  black  sections  will  gradually  resume  their  previous  red  coloring. 
We  control  under  the  microscope  and  keep  on  reducing  until  the  nuclear 
chromatin  has  ugain  assumed  a  pure  red  color,  and  the  nucleoli  only  appear 
block  with  low  or  medium  power.  The  sections  are  washed  in  repeatedly 
changed  water,  dehydrated  in  the  usual  manner  and  mounted  in  Canada 
balsam. 

We  find  here,  too,  a  lymphatic  peripheral  layer  under  the  liver  surface, 
which,  if  the  animal  is  well  nourished,  is  even  more  pronounced  here  than  in 
the  salamander.  Furthermore,  we  find  the  migrating  cells  abundantly  in 
the  blood  capillaries  between  the  bars  formed  by  the  liver-cells. 

When  viewed  through  the  immersion  lens  we  recognize  at  once  the  deep 
black  centrioles  standing  out  prominently  from  the  pink  cell-body.  The 
ffxtraordinarily  distinct  staining  always  reveals  two  of  these  centrioles,  one 
of  which  is  usually  slightly  larger  than  the  other.  Both  are  in  close  approx- 
imation, and  emanating  from  them  we  see  the  red  archoplasm  rays  radiating 
to  all  sides  through  the  cell-body. 

Our  specimen,  while  showing  centrioles  in  each  of  the  cells,  fails  to  always 
bring  out  the  centrosomes.  At  times  we  are  utterly  unable  to  see  any  zone 
around  the  centrioles;  at  other  times  we  can  detect  a  more  or  less  distinct 
court,  either  colorless  or  red;  again  we  may  find  a  typical  centrosome  with 
its  peripheral  granular  layer.  This  fact  illustrates  that  centrioles  are  essen- 
tial cellular  elements  in  certain  cells,  while  centrosomes  form  less  essential 
factors. 

The  8hape  of  the  Nucletu. 

Our  specimen  is  furthermore  well  adapted  to  the  study  of  the  shapes  of 
nuclei,  which  vary  more  here  than,  perhaps,  anywhere  else.  The  greater  num- 
ber is  round  or  oval,  showing  in  one  place  a  more  or  less  pronounced  indenta- 
tion. Close  to  this  indentation  or  in  its  immediate  proximity  we  usually  find 
the  centrioles;  the  deeper  the  dent,  the  more  they  will  be  pushed  into  it.  If 
the  formation  of  this  indentation  progresses,  the  nucleus  will  become  hologna- 
■hapcd,  showing  at  the  same  time  constrictions,  which  may  go  so  far  as  to 
break  up  the  nucleus  into  several  parts,  which  are  only  connected  by  thiq 
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bridges.  In  the  extremest  cases  the  nucleus  will  form  a  ring,  having  many 
constrictions,  imparting  the  appearance  of  a  rosary.  The  centrioles  in  such 
cases  are  situated  in  the  centre. 


Fig.  6. — Giant  Cells  from  the  Bone  Marrow  of  the  Rabbit 

800.     Sublimate,  8%.     Paraffin  section.     Biondi  solution. 

Oiant   Cells  in  Bone  Marrow. 

Interesting  studies  in  the  morphology  of  nuclei  and  cells  can  be  made  on 
the  bone  marrow  of  young  animals.  A  rabbit,  three  to  four  months  old,  is 
killed,  and  one  of  the  legs  disarticulated  at  the  hip;  the  femur  is  freed  from 
all  muscles,  sawed  at  the  upper  third  and  fastened  in  a  vise  at  about  the  mid- 
dle. The  marrow  will  exude  from  the  sawed  surface;  a  piece  of  it  is  taken 
on  a  scalpel  and  placed  in  50  cm^  of  8%  sublimate  solution  for  from  four  to 
five  hours.  Treat  as  usual,  embedding  in  paraffin.  Stain  with  Biondi  solu- 
tion (p.  67). 

A  study  of  the  section  with  low  power  will  reveal  red  cells,  which  excel 
alt  ih(*  other  elements  in  size.  If  such  a  giant-cell  is  observed  under  the  im- 
tiHTMion  lens,  we  find  It  to  have  a  rounded  or  oval  body,  the  protoplasm  will 
tuk<'  a  liright  rvA  stain,  and  often  we  can  recognize  concentric  fibrils.  From 
Ihc  ri'lt  liody,  poiiiird  or  ragged  processes  are  seen  to  emanate,  which  differ 
from  \\\i*  vi'W  body  by  their  pale  color. 

TIm'  u\\v\v\\h  nIiowh  nioNt  peculiar  forms.  In  one  cell  it  will  be  in  the  form 
of  it  rin|^,  Hb/ip<'d  WVv  a  roMury,  In  other  cells  the  nucleus  will  be  fenestrated; 
in  qlill  otbM'ti  it  will  liiivr  nuiiuTouH  processes.  If  we  combine  all  these  various 
pji  liMici  into  oni'  t-ntird y,  tbf  rcNiilting  average  shape  will  be  a  half-sphere  or 
\tn^\n\  fnitn       'l'\i»  \    iiin y    bf*   cMHii|>iLn*(l   to   the   fenestrated   shells   as   found 

tntinnyr  i-.nini    nt  tb<    t^vviil   wiitrr  lidio/oii. 

'Wit  <<ll  \ini\y  in  Jiviiliil  by  the  nucleus  Into  two  parts,  an  intranuclear 
ttiut  ttit  '  .•!  I  Mn<i<  l<  Ml  If  tbf  furnMi'  \h  closely  studied,  we  will  find  within  it, 
{/MMi'illy  in  tb<  iinbniiilinn  nf  llir  iiiiclciis,  numerous  small  centrioles.  They 
•iM  '*////" ///it mI  mill  pri<Hi))h,  mihI  nion*  than  one  hundred  such  central  bodies 
Imi'/i    III  I II  iiHinltil  in  uiH    (('II. 


PLATE  3 

Fig.  7. — Liver-Cell  of  the  Axolotl 
Fig.  8. — Salivary  Glands  from  the  Parotid  of  the  Monkey 

Fig.  9. — Liver-Cell  of  the  Frog 
Fig.  10. — Pigment  Cell  from  the  Skin  of  the  Pike 


Fig.  7. — Liver-Cell  of  the  Axolotl 

1000.     %.     Sublimate,  5%;  acetic  acid,  1%.     Frozen  section. 

Biondi  solution. 
Liver-Cell   of   the   Axolotl. 

The  first  specimens  of  salamander  and  axolotl  liver  showed  the  frame- 
work or  network  of  the  protoplasm.  The  spaces  between  it  seemed  empty,  since 
the  treatment  given  to  the  specimens  rendered  it  impossible  to  preserve  the 
substance  contained  in  them.  This  can,  however,  be  accomplished  in  the  fol- 
lowing manner  to  some  extent.  Instead  of  8%  sublimate  solution  we  use  5%, 
adding  1%  of  acetic  acid.  The  remaining  manipulations  are  the  same  as  used 
before. 

Since  this  preservation  takes  place  more  completely  in  the  peripheral 
layers  than  in  the  centre,  a  section  closely  under  the  lymphatic  peripheral 
layer  is  chosen.  Again  we  will  find  the  fine  network  of  protoplasm,  but  its 
recognition  is  decidedly  harder,  due  to  the  appearance  of  red-stuincd  gran- 
ules, lumps  and  strings,  filling  out  the  mesh-spaces  more  or  less  completely. 
We  have  here,  besides  the  protoplasm,  a  second  ingredient  of  the  cell-body, 
to  which  the  name  paraplcum  or  deutOpUum  has  been  given. 

DeutopUum. 

Such  deutoplasmic  element  is  found  in  every  cell  and  represents  a  morpho- 
logical expression  of  cellular  metabolism.  We  may  regard  it  as  an  element 
denoting  either  the  beginning  or  the  end  of  cell-metabolism,  and,  the  latter 
being  different  in  different  cells,  deutoplasms  will  vary  in  their  chemical  com- 
position. 

Glycogen. 

Another  substance  found  in  liver-ceils  is  the  glycogen,  which  also  occurs 
in  many  other  cells  and  is  formed  from  the  sugar,  which  the  afferent  ves- 
sels convey  to  these  cells.  By  placing  an  unstained  frozen  section  on  a  slide 
and  adding  a  drop  of  lodin-iodin-potassium  (Gram*s)  solution  (p.  59)  wo 
learn  an  important  microchemical  reaction  of  this  glycogen.  While  proto- 
plasm and  nucleus  will  take  a  yellow  stain,  the  glycogen  will  appear  deep  ma- 
hogany brown. 

Fig.  8. — Salivary  Glands  from  the  Parotid  of  the  Monkey 

800.     Sublimate,  5%  ;  acetic  acid,  1%.     Frozen  section.     Iron-alum- 

ha?matoxylin. 
CelU  of  the  Salivary  Gland. 

For  further  study  of  the  deutoplasm  in  the  animal  cell  we  select  the 
parotid  gland  of  any  animal  (cat,  dog,  monkey)  or  of  man.    An  organ  is  dis- 
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sected  out  and,  while  yet  warm,  small  pieces  are  cut  out  and  fixed  in  sub- 
limate acetic  acid.  Very  thin  frozen  sections  are  made  and  stained  in  iron- 
alum-haematoxylin  (p.  67). 

A  spot  in  the  periphery  of  the  section  is  selected,  since  here  the  deuto- 
plasmic  particles  will  be  best  preserved,  and  an  examination  is  made  with 
the  oil-immersion  lens.  The  cells  composing  the  ducts  of  the  salivary  gland 
are  small  conical  bodies,  the  pointed  end  looking  toward  the  lumen  of  the 
duct.  The  small  round  nucleus  is  situated  at  the  opposite  end,  the  cell-base. 
The  entire  cell-body  is  filled  with  small  globular  granules.  These  are  sepa- 
rated by  fine  separating  walls  of  protoplasm,  the  latter  thus  having  again 
the  character  of  framework.  These  granules  likewise  are  a  product  of  cel- 
lular activity;  they  are  formed  in  the  cell  and,. when  required,  are  expelled 
and  form  an  important  ingredient  of  the  glandular  secretion.  The  details 
of  their  origin  have  not  been  definitely  explained  as  yet,  but  it  is  probable 
that  they  originate  within  the  protoplasmic  walls  and  are  finally  to  be  traced 
to  the  microsomes  of  the  protoplasm. 


Fig.  9. — Liver-Cell  of  the  Frog 

1000.     Osmic  acid  potassium  bichromate.     Paraffin  section.     Acid  fuchsin- 

picric  acid. 

Liver-Cells  of  the  Frog, 

An  important  deutoplasmic  part  of  the  animal  cell  is  found  in  fat,  which 
we  will  proceed  to  study  in  this  specimen.  Small  pieces  of  the  liver  of  a 
freshly  caught  frog  are  fixed  in  osmic  acid  bichromate  solution  according  to 
the  rules  laid  down  on  p.  81  and  embedded  in  paraffin.  The  sections,  which 
should  not  exceed  5  pi  in  thickness,  are  stained  in  a  color-bath,  which  is  pre- 
pared by  dissolving  5  gms.  of  acid  fuchsin  in  25  cm^  of  aniline  water  (p. 
49).  A.  few  drops  of  this  solution  are  placed  on  the  sections,  and  the  slides 
are  heated  over  a  small  gas-flame,  until  the  staining  fluid  commences  to  steam, 
when  it  is  allowed  to  cool.  The  excess  stain  is  now  decanted,  and  the  ad- 
hering stain  around  the  section  wiped  off  with  a  moist  cloth.  For  reduction 
we  cover  the  sections  with  a  mixture  consisting  of  one  part  of  a  5%  solu- 
tion of  picric  acid  in  95%  alcohol,  and  five  parts  of  20%  alcohol,  allowing 
it  to  act  until  the  originally  bright  red  sections  turn  more  and  more  yellow. 
After  thorough  rinsing  with  absolute  alcohol  we  transfer  to  xylol  and  mount 
in  Canada  balsam. 

Fat. 

Under  high  power  the  conical  liver-cells  will  offer  a  striking  picture.  The 
broad  basal  part  of  the  cell  is  filled  with  black,  the  apex  with  bright  red 
granules.  In  the  middle  portion  both  will  be  found  mixed.  The  black  gran- 
ules are  of  different  sizes  and  may  attain  considerable  dimensions,  while  the 
red  are  decidedly  smaller.  The  black  color  is  due  to  the  osmic  acid  used  in 
the  fixing  process,  which  has  been  taken  up  and  reduced  by  these  granules. 


This  property  Is  mainly  peculiar  to  fat;  thus  we  find  in  the  blackening  by 
osmic  acid  an  important  microchemical  reaction  for  fat.  In  a  similar  man- 
ner, in  which  many  animal  cells  possess  the  faculty  of  storing  up  or  spon- 
taneously manufacturing  glycogen,  many  can  take  up  fat  or  probably  pro- 
duce it  from  other  carbohydrates ;  hence  we  will  often  meet  such  fat-granules 
or  globules  in  the  cell-body.  The  fat  found  here  in  the  liver^cells  is  without 
doubt  nutritive  reserve  fat  coming  from  the  bowel,  which  is  conveyed  to  the 
cells  by  the  blood-current. 

The  red  granules  represent  specific  products  of  metabolism  in  the  livei^ 
cell  and  probably  take  part  in  the  formation  of  glycogen. 

Allmann's   Oraiiulex. 

According  to  Altmann's  theory  these  red  granules  represent  the  living 
element  of  the  ceil;  they  possess  the  faculty  of  synthetically  forming  fat  from 
complex  products  and  thereby  finally  turn  to  fat-globules  themselves.  Ac- 
cording to  this  hypothesis,  therefore,  the  black  granules  are  an  evolution 
from  the  red. 

Besides  the  granules  we  find  in  our  livei^cells  thready  formations,  wind- 
ing, tortuous,  deep-red  threads,  frequently  grouped  together  in  bundles  in 
the  vicinity  of  the  nucleus. 

Bariat   Filami-iilii. 

Such    formations,   frequently   encountered 


boMol  flammtM, 
said  as  yet, 


About   their  origin   i 


glandular    cells,    are    called 
id   function   nothing  definite   can   be 


Fig.  10.— Pigment  Cell  from  the  Skin  of  the  Pike 

250.     Formalin,     Frozen  section. 
Pigmetii  Cells. 

In  concluding  our  consideration  of  the  cell-body  it  will  behoove  us  to 
mention  pigment  on  account  of  its  wide  distribution.  For  this  study  we 
select  the  skin  of  a  fish.  A  recently  amputated  head  of  a  pike  is  placed  in 
10%  formalin  for  twenty-four  hours;  flat  pieces  of  skin  are  removed  with  a 
razor  and  placed  for  several  hours  in  5%  formalin.  Frozen  sections  are  made 
nnd  mounted  in  levuluse. 

Upon  examination  we  will  find  in  many  places,  more  or  less  thickly  dis- 
tributed, immensely  large  cells  with  numerous  processes.  The  latter  arise 
with  A  broad  base  from  the  cell-body,  branch  and  end  in  fine  points. 

The  entire  cell-body  appears  light  or  dark  brown  in  color,  excepting  n 
narrow  streak  in  the  cell-centre.  High  power  will  prove  this  brown  color  to 
he  due  to  numerous  granules,  which  will  intensify  or  lessen  the  color  accord- 
injf  to  their  density.  Thus  the  dye  is  deposited  in  granular  form  in  the  cell- 
body.  We  will  see  later  that  this  is  not  always  the  case,  as,  fur  example,  it 
may  Ik-  present  in  the  form  of  heedles. 
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The  Pigment   Circulation. 

The  main  characteristic  of  the  pigment  cells  is  their  irregular  form  and 
the  presence  of  processes.  Responding  to  certain  irritations,  the  pigment  is 
able  to  retract  from  these  processes  and  clump  together  within  the  cell-body. 
This  faculty  explains  the  change  in  color,  which  certain  amphibia,  reptiles, 
fishes,  and  many  of  the  lower  animals  are  capable  of  producing  in  their  skin 
subsequent  to  some  psychic,  thermic  or  photic  irritation. 


PLATES  4  AND  5 
Figs.  11-19. — Blattomeret  of  the  Intestinal  Worm  of  the  Horse 


Figi.  11>19. — BlBitomeres  of  the  Intestinal  Worm  of  the  Horte 

1000.      Alcoli(J-Jiei-tii-    aoid.      Paraffin    stclion.      Iron- alum- hirniatox;) in. 

Indirect   Cfll   I)i,-ifio>,   of 
ftlMtomevs    of    the. 
nor»e-A»rari». 

The  following  specimen  will  illustrate  to  us  the  procesBes  occurring  in 
indirect  cell  division.  Granting  that  very  efficient  cell  di  vis  ion -specimens 
may  be  liad  from  mamnmlia — and  that  we  will  frequently  encounter  such  dur- 
ing our  course  (one  of  the  most  excellent  is  the  amnion  of  mice — -or  rat  em- 
bryos of  2-4  cm  length),  we  prefer  to  choose  an  invertebrate,  the  intestinal 
worm  of  the  horse,  since,  on  account  of  the  large  elzc  of  the  cells  and  the 
umall  number  of  chromosomes,  the  changes  take  place  in  almost  schematic 

The  worms  may  easily  be  procured  from  any  slaughter-house  of  horses. 
They  are  ninovcd  from  the  bowel  of  the  recently  killed  animal  and  trans- 
ported to  the  laboratory  in  a  large,  wide-mouthed  bottle  filled  with  intestinal 
contents.  They  can  be  kept  alive  in  this  fashion  for  two  to  three  days,  if 
kept  in  a  warm  place.  The  female  is  of  sole  interest  to  us.  It  differs  from 
the  male  by  its  greater  sine  and  by  the  form  of  the  posterior  end  of  the  body. 
While  the  anterior  extremity  is  blunt  in  both  sexes,  the  tail  end  of  the  female 
tapers.  In  the  male,  again,  this  conical  end  is  twisted  to  an  angle,  and  fre- 
quently small  rods,  the  spicula,  are  seen  emanating  from  the  anal  opening, 
which  also  serves  as  sexual  cleavage  and  is  situated  near  the  pointed  end, 

A  good  sized  female  is  stretched  across  a  basin  lined  with  wax  and 
fastened  on  both  ends  with  pins.  The  body-wall  is  slit  open  from  end  to  end 
with  slightly  opened  scissors,  spread  apart  and  fixed  with  pins  on  either  side. 
We  now  observe  the  ovaries,  thin  thready  tubes,  arranged  in  tortuous  curves 
and  twists.  On  disentangling  this  chaos,  preferably  with  saline,  we  will  come 
to  two  thicker  uteri,  also  lengthy  tubes,  which  terminate  on  their  posterior 
extremity  in  the  ovaries,  anteriorly  uniting  to  form  a  short  vagina,  which 
opens  on  the  ventral  surface  of  the  animal  about  flic  anterior  third. 

Shortly  in  front  of  this  opening  we  transfix  the  bandlike  gut  and  remove 
it  backward.  After  cutting  around  the  vaginal  opening,  including  a  portion 
of  the  ventral  wall,  we  isolate  the  uteri  by  careful  tension,  tie  them  off  with 
silk  at  a  di!>tance  of  10  cm  and  transfix  them  posteriorly. 

Since  the  ascaris  sheds  the  eggs  shortly  after  impregnation,  we  are  not 
apt  to  find  them  in  the  vagina  and  anterior  portion  of  the  uteri,  especially  not 
those  in  the  state  of  segmentation,  which  are  of  special  interest  to  us. 
Previous  to  fixing  the  specimen,  we  wait  until  the  ovn  have  advanced  to 
thia  state.     For  this  purpose  we  place  it   in   a  vessel,   the   floor  of  which  i» 
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covered  with  several  layers  of  well  moistened  filter-paper.  To  the  edge 
we  apply  some  vaseline  and  close  the  container  hermetically  with  a  glass  cover. 
In  this  moist  chamber,  at  about  15  to  17°,  the  development  will  go  on, 
until  after  about  twenty- four  hours  the  eggs  will  have  advanced  to  the  four- 
cell-state,  which  is  best  adapted  to  our  study.  Hence  the  preservation  must 
be  postponed  to  the  second  day. 

Here  we  must  use  great  care  and  subtle  diligence,  if  we  desire  to  obtain 
perfect,  unshrunken  ova.  For  fixation  we  place  the  specimen  in  a  moderately 
wide  cylinder  of  proper  length,  filled  with  100-150  cm*  of  alcohol-acetic  acid 
(p.  33).  The  fixation  is  ended  after  thirty  minutes,  the  mixture  decanted 
and  replaced  by  absolute  alcohol,  which  is  changed  after  two  to  three  hours. 
The  next  day  the  specimen  is  cut  into  several  pieces,  which  are  transferred  to 
chloroform,  observing  the  following  steps:  for  three  hours  they  are  kept  in  a 
mixture  of  1  part  of  chloroform  and  4  parts  of  absolute  alcohol;  at  intervals 
of  three  hours  we  decant  one- fourth  of  the  mixture,  substituting  an  equal 
amount  of  chloroform.  The  pieces  remain  in  chloroform  in  a  well-covered, 
properly  sized  vessel  overnight.  The  next  day  the  transfer  to  paraffin  should 
be  made  with  the  most  scrupulous  care.  The  uncovered  vessel  is  placed  in  an 
oven,  and  every  half  hour  a  piece  of  soft  parafiin  is  added,  according  to  how 
quickly  the  chloroform  evaporates.  The  entire  evaporation  should  be  com- 
pleted overnight,  and  we  now  place  the  pieces  in  a  different  vessel,  filled  with 
fresh  soft  paraffin,  cooled  to  the  melting-point,  and  place  the  same  in  the 
paraffin  oven.  After  half  an  hour  the  soft  paraffin  is  replaced  by  hard 
paraffin,  and  after  another  half  hour  the  block  may  be  prepared,  setting  the 
different  pieces  closely  together  in  parallel  order,  so  that  each  cut  will  con- 
tain several  cross-sections  of  the  uteri.  The  staining  of  the  sections,  which 
should  be  about  10  [a  in  thickness,  is  done  according  to  the  iron-alum- 
hffmatoxylin  method  (p.  57),  with  or  without  primary  staining  in  Bor- 
deaux R.  (p.  65).     Biondi  staining  will  also  give  excellent  results  (p.  67). 

Under  low  power  the  wall  of  the  uterus  appears  lined  with  elongated  cells, 
which  are  club-shaped  at  their  free  end.  The  lumen  of  the  organ  is  filled 
with  eggs,  spherical  formations,  enclosed  in  a  thick  homogeneous  shell.  In 
their  interior  wj  find,  according  to  their  state  of  development  and  the  plane 
of  section,  different  numbers  of  large  cells,  the  blustomeres,  or  segmenta- 
tion-cells. We  will  proceed  to  study  cell  division  on  these  blastomeres,  first 
examining  a  certain  state  with  medium  power,  after  which  we  will  observe  the 
.saint'  state  more  detailed  under  the  immersion  lens.  Considering  the  large 
number  of  ova,  we  are  pretty  sure  to  find  all  the  various  states,  the  primary 
being  the  rarest. 

Fig.  11  shows  a  blastomere  in  the  resting  state.  The  cell-body  is  studded 
with  numerous  larger  or  smaller  vacuoles.  It  encloses  an  irregular  nucleus, 
the  chromatin  of  which  forms  chromatic  membrane,  chromatin  lumps  and 
threads  connecting  the  latter.  Nucleoli  are  present,  mostly  single.  Closely 
to  the  nucleus  we  see  a  single  centriole,  surrounded  by  its  centrosome;  ra- 
diating from  the  latter  we  recognize,  though  often  indistinctly,  the  archopla»- 
'ic  rays  extending  to  all  sides. 


Propha. 

The  clian^.s  first  experienced  by  the  cell,  occurring  in  the  nucleus  as 
well  as  in  the  nrchoplasm,  are  preparatory  to  the  actual  segmentation,  and 
have  therefore  been  designated  as  the  prophtue.  Fig.  12  shows  the  first 
state  of  development.  The  changes  in  the  nucleus  are  not  very  marked,  but 
still  perceptible.  A  consolidation  of  tlie  chromatin  has  taken  place.  Where 
we  had  lumps  and  threads  before,  we  now  find  thu  latter  thickened  to  such  a 
degree  that  they  cannot  he  differentiated  from  tht  former.  The  change-; 
occurring  in  the  archoplasm  arc  still  more  striking.  The  forinerlv  single 
contriole  has  divided  itself  to  form  two.  These  have  separated  some  distance, 
each  being  surrounded  by  a  centrosome,  from  which  a  system  of  rays  ema- 
nates. The  rays  of  both  sy.stenis  partly  cross,  partly  are  lost  in  the  pro- 
toplasm of  the  egg,  a  number  of  them  will  join  to  form  spans  between  the 
two  centrosomes.    These  latter  rays  are  called  central  spindles,  the  former 

polar  Mpindle*. 

In  Fig.  13  changes  in  the  nucleus  are  most  prominent.  The  chromatic 
membrane  has  disappeared,  the  irregular  jagged  chromatin-bars  of  the  first 
state  have  become  more  even  and  smoother,  and  finally  have  joined  to  form  a 
regular  long  thread,  comprising  the  entire  chromatin  mass  of  the  former 
nucleus,  winding  in  a  tortuous  course  within  the  now  open  nuclear  space.  At 
this  point  of  development,  as  is  sometimes  the  case  in  the  preceding  stage, 
the  nucleolus  has  disappeared,  the  centrioles  have  separated  still  more  and 
arc  approaching  the  poles  of  (he  nucleus. 

They  will  reach  there  during  the  following  stage  (Fig.  l-i).  Like  two 
suns,  they  stand  opposite  each  other,  sending  their  rays  in  all  directions. 
The  thread  of  chromatin  has  undergone  segmentation,  and  its  components, 
tile  chromosomes^  have  arranged  themselves  like  a  plate  about  the  eijuator 
of  the  two  systems  of  rays.  From  this  phenomenon  this  stage  has  received  the 
mime  of  equatorial  plate. 

The  changes  occurring  in  the  chromatin  thread  will  be  still  better  illus- 
trated in  such  cuts,  where  the  section  has  been  made  vertically  through  nn 
axis  interposed  between  the  two  centrioles,  which  necessarily  would  comprise 
the  equatorial  plate  itself,  while  the  centrioles  would  lie  cut  off  above  and 
below.  Here  we  will  find  (Fig.  1.5)  that  the  thread  has  changed  to  four 
hooklike,  bent  chromosomes,  which  have  arranged  themselves  in  irregular 
stellate  form,  the  mona*ter  or  mother-star.  The  clearness  and  simplicity  of 
these  pictures  are  due  to  the  small  number  of  chromosomes  present,  which 
in  another  variety  of  asearides  might  sink  to  half  the  number,  while  in  the 
mammalia  it  rises  to  twenty-four. 

The  prophase  has  now  I»een  concluded,  and  the  cell  enters  the  actual  seg- 
mentation stage,  the  metaphase,  whereio  the  most  important  fact  consists 
in  the  splitting  h'ngthwise  of  the  four  chromosomes.  From  the  four  mother- 
diromoMomes  eight  daughter-ehromosnmes  are  formed.  The  splitting  process, 
even  in  the  ascaris,  nmst  take  place  very  rapidly,  since  it  is  rarely  seen  under 
the  microscope.     Again  pictures,  such  as  Fig.  16  shows,  are  not  infrequently 
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encountered.     Here  we  find  the  eight  daughter-chromosomes,  although  not 
parallel,  still  closely  together. 

The  separating  of  the  chromosomes  is  shown  in  Fig.  17,  four  chromo- 
somes on  either  side  approaching  their  respective  pole,  while  synchronously 
fire  archoplasmic  threads  are  spread  between  the  corresponding  daughter 
chromosomes,  so  that  we  now  have  three  different  Tarieties  of  threads. 
Polar  threadB,  entering  the  cell-body  from  the  centrosome,  the  matMe 
fibr^M,  spread  between  centrosomes  and  chromosomes,  and  the  C€i^brcl 
Bpindle  fibreM  connecting  the  opposing  daughter-chromoscmies.  Often  dur- 
ing the  separation  of  the  chromosomes  it  happens  that  their  free  extremities 
will  approach,  thus  forming  a  barrel-shaped  figure,  but  soon  the  bands  will 
rearrange  th^nselves  in  star-shape  and  we  now  hare  two  stellate  figures,  the 
dtfaster  or  the  daughter^stars. 

Anaphiue, 

The  cell  now  enters  the  anophoMe,  which  ushers  in  the  first  signs  of  the 
duAnon  of  the  edhhody  (Fig-  IB).  The  latter  takes  place  in  a  plane, 
which  is  vertical  to  the  axis  connecting  the  two  central  bodies,  the  division 
being  brought  about  by  a  gradual  constriction  from  without  inward.  Dur^ 
ing  this  process  the  central  spindle  fibres  are  compressed  to  a  bundle,  which 
grows  constantly  smaller.  Simultaneously  retrogressive  changes  occur  in  the 
daughter-chromosomes,  the  ends  of  which  melt  into  one  chromatin-thread, 
which  becomes  irregular  and  jagged.  A  nuclear  membrane  forms,  and  finally 
(Fig.  19)  we  find  two  separate,  closely  approximated  cells,  each  having  a 
nucleus  and  a  centrosome,  containing  a  centriole.  Nucleoli  reappear  during 
the  formaticm  of  the  chromatin  thread. 
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PLATE  6 

Fig.  20. — Epithelium  from  the  Mesentery  of  a  Newborn  Rat 
Fig.  21. — Cuboid  Epithelium  from  a  Frog's  Kidney 


11.   THE  TISSUES  OF  THE  ANIMAL  BODY 

1.  EPITHELIUM 
Fig.  20. — Epithelium  from  the  Mesentery  of  a  Newborn  Rat 

200.     Surface  specimen.     Silver  nitrate.     Hfemalum. 

We  will  select  the  simplest  form  of  epithelia  to  begin  with,  the  flat 
epithelia,  as  found  in  large  body  cavities  and  in  the  entire  vascular  system. 
The  best  material  will  be  found  in  the  abdominal  cavity,  and  specifically  in 
the  mesentery  cr  the  great  omentum.  Newly  born,  or  at  least  very  young 
animals  are  preferable  to  old,  since  in  the  latter  the  presence  of  fat  inter- 
feres and  the  epithelial  lining  is  generally  incomplete.  The  best  subjects 
are  newly  born  rats  or  guinea-pigs.  The  animal  is  killed  by  decapitation,  the 
abdominal  cavity  opened  by  a  median  longitudinal  incision,  the  great  omen- 
tum is  turned  upward,  a  fold  of  intestine  is  resected  with  its  mesentery,  care- 
fully spread  on  a  wax  plate  and  the  gut  fixed  with  hedgehog  bristles.  The 
wax  plate,  with  the  specimen,  is  now  placed  on  a  flat  plate  and  a  0.75% 
watery  solution  of  silver  nitrate  slowly  poured  over  it.  After  approximately 
five  minutes  the  plate,  with  the  opaque,  milky  specimen,  is  placed  in  a  large 
vessel  containing  water,  wliere  it  is  cleansed  of  excess  solution  and  later  is 
transferred  to  fresh  water.  Tlie  specimen  is  now  freed  from  the  wax  plate 
under  water  and  is  exposed  to  light  in  a  wliite  plate,  preferably  to  direct 
sunlight.  The  latter  will  reduce  the  silver  salts  in  from  ten  to  fifteen  minutes 
with  the  production  of  a  brown  color.  It  will  take  correspondingly  longer 
in  diffuse  da3'light.  After  the  specimen  has  attained  a  good  brown  color,  the 
water  is  decanted,  and  after  an  additional  washing  with  water  lueniiilum  is 
substituted  (p.  56).  After  ten  minutes,  which  is  sufficient  time  for  the 
nuclear  staining  to  take  place,  the  excess  dye  is  thoroughly  washed  out  with 
hydrant  water.  While  still  in  the  latter,  the  wax  plate  is  again  placed  under 
tlu'  specimen,  which  is  fastened  thereupon  and  the  water  replaced  by  50% 
alcohol,  followed  in  a  few  minutes  by  TOV<  and  later  by  909t .  This  will  ren- 
der  the  sj)eciinen  so  hard  that  it  can  be  detached  from  the  bowel  and  cut  into 
j)ieces  of  appropriate  size,  which  can  be  dehydrated  coinpletelv  in  absolute 
alcohol  and  put  through  xylol  to  be  mounted   in  Canada  balsam. 

FJal   KitifJirJiiifn. 

A  .speciineii  prepared  in  this  manner  will  present  a  network  of  fine  dark 
l)r()\vii  lines,  making  numerous  minute  curves,  appearing  as  a  fringe.  The 
fact  is,  that  the  silver  nitrate  has  only  blackened  the  cement,  which  binds  the 
cells  together,  i.e.,  it  has  reduced  the  silver  salt,  while  the  cells  themselves 
have  taken  but  a  light   brown  color.      The  cells   are  very  irregularlv   shaped, 
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thin  plates,  linked  together  by  toothlike  processes.  Each  cell  contains  an  oval 
or  round  nucleus.  By  searching  through  different  depths  of  the  specimen  by 
the  aid  of  the  micrometer-screw  we  will  detect  another  network-picture,  sit- 
uated deeper  than  the  first  and  also  provided  with  nuclei.  We  thus  learn  that 
the  mesentery  contains  two  layers  of  epithelium,  separated  by  a  minute  layer 
of  connective  tissue.  When  reaching  the  intestine,  these  layers  separate  and, 
enclosing  it,  form  its  outer  covering. 


Fig.  21. — Cuboid  Epithelium  from  a  Frog's  Kidney 

600.     Sublimate-nitric  acid.     Paraffin  section.     Ha?matoxyHn-iron-alum. 

Acid  fuchsin. 

Cuboid  epithclia  are  found  in  wide  distribution  in  the  animal  body,  espe- 
cially forming  the  lining  of  numerous  glands.  We  will  study  them  on  the 
frog's  kidney.  We  select  a  female,  where  we  recognize  two  elongated,  dark 
reddish-brown  bodies  as  the  kidneys ;  after  folds  of  intestine  and  ovaries  have 
been  pushed  to  the  side,  they  are  seen  lying  closely  behind  the  colon  at  both 
sides  of  the  vertebral  column,  separated  only  by  the  large  vessels.  The  ex- 
cised organ  is  divided  into  three  to  four  longitudinal  sections,  which  are  fixed 
in  50  cm^  of  sublimate  nitric  acid  for  from  three  to  five  hours  (p.  81).  Em- 
bedding takes  place  in  paraffin.  Sections  should  be  5  IA  thick  and  be  stained  in 
iron-haematoxylin  (p.  56).  After  reduction  we  wash  well  in  running  water 
and  counterstain  in  a  0.1%  solution  of  acid  fuchsin  (p.  64).  The  sections 
are  stained  until  a  light  red  color  results  and  are  dehydrated  immediately. 

Cuboid  Epithelia, 

The  kidney  tubules  of  the  frog  for  the  greatest  part  of  their  course  are 
lined  by  simple  cuboid  epithelium,  which,  however,  is  modified  in  different 
parts.  Ix't  us  select  a  portion  of  the  second  part.  Here  we  find  cuboid  cells, 
which  mostly  measure  the  same  height  as  width.  The  cells  are  mounted  on  a 
thin,  red  membrana  propria.  Each  contains  a  globular,  not  quite  regular 
nucleus.  The  cell-body  shows  an  indistinct  network  of  protoplasm  with 
numerous  coarse  and  fine  microsomes. 

The  Cilia. 

The  free  surface  of  the  cell  is  slightly  convex  and  is  lined  with  a  pink 
band,  which  under  closer  observation  proves  to  be  made  up  of  minute  short 
rods  in  juxtaposition.  Such  formations  arc  frequently  found  on  the  free  sur- 
face of  epithelial  cells,  occurring  in  different  degrees  of  development.  We 
designate  such  rods  as  cilid,  and  call  epithelin  provided  with  such  cilia 
ciliated  epithelia.  In  other  parts  of  the  frog's  kidney  we  find  long,  motile 
flagella  in  place  of  the  short  imelastic  rods. 

The  Cement  Suhstaticc, 

We  notice  in  our  specimen  another  peculiarity  of  epithelial  tissue.  The 
cells  are,  as  we  sre,  closely  approximated.     Their  relation  may  be  so  intimate 
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encountered.     Here  we  find  the  eight  daughter-chromosomes,  although  not 
parallel,  still  closely  together. 

The  separating  of  the  chromosomes  is  shown  in  Fig.  17,  four  chromo- 
somes on  either  side  approaching  their  respective  pole,  while  synchronously 
five  archoplasmic  threads  are  spread  between  the  corresponding  daughter 
chromosomes,  so  that  we  now  have  three  different  varieties  of  threads. 
Polar  threads,  entering  the  cell-body  from  the  centrosome,  the  nuuttle 
HbreSp  spread  between  centrosomes  and  chromosomes,  and  the  central 
Spindle  fibres  connecting  the  opposing  daughter-chromosomes.  Often  dur- 
ing the  separation  of  the  chromosomes  it  happens  that  their  free  extremities 
will  approach,  thus  forming  a  barrel-shaped  figure,  but  soon  the  bands  will 
rearrange  themselves  in  star-shape  and  wc  now  have  two  stellate  figures,  the 
dyaster  or  the  daughter-stars. 

Anaphase, 

The  cell  now  enters  the  anaphase,  which  ushers  in  the  first  signs  of  the 
division  of  the  celUhody  (Fig*  18).  The  latter  takes  place  in  a  plane, 
which  is  vertical  to  the  axis  connecting  the  two  central  bodies,  the  division 
being  brought  about  by  a  gradual  constriction  from  without  inward.  Dur- 
ing this  process  the  central  spindle  fibres  are  compressed  to  a  bundle,  which 
grows  constantly  smaller.  Simultaneously  retrogressive  changes  occur  in  the 
daughter-chromosomes,  the  ends  of  which  melt  into  one  chromatin-thread, 
which  becomes  irregular  and  jagged.  A  nuclear  membrane  forms,  and  finally 
(Fig.  19)  we  find  two  separate,  closely  approximated  cells,  each  having  a 
nucleus  and  a  centrosome,  containing  a  centriole.  Nucleoli  reappear  during 
the  formation  of  the  chromatin  thread. 
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PLATE  6 

Fig.  20. — Epithelium  from  the  Mesentery  of  a  Newborn  Rat 
Fig.  21. — Cuboid  Epithelium  from  a  Frog's  Kidney 
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as  to  render  it  impossible  for  us  to  recognize  their  dividing  line.  However,  we 
find  that  at  the  free  surface  there  is  a  sort  of  wedge  inserted  between  the 
cells,  which  takes  the  hematoxylin  lake  especially  well.  Plastically  considered, 
these  formations  must  form  a  system  of  wedges,  connected  among  themselves 
and  surrounding  the  head  of  each  cell  in  net-fashion,  thus  separating  each 
cell  from  its  adjacent  fellows.  They  have  been  termed  the  cement  Wedgee 
or  cement  substance  of  epithelium,  and  will  be  encountered-  in  most  varieties 
of  epithelial  tissue. 


PLATE  7 

Fig.  22. — Pigmented  Epithelium  from  the  Eye  of  the  Hone 
Fig.  23. — Pigmented  EpiUielium  from  the  Eye  of  the  Hamdc 
Fig.  24. — Pigmented  Epithelium  from  the  Eye  of  the  Hamdc 


Fig.  22. — Pigmented  Epithelium  from  the  Eye  of  the  Horse 

280.     Surface  specimen.     Chromic  acid,  ^%. 

The  following  three  specimens  will  present  epithelium,  which  might  be 
classified  among  the  cuboid  epithelia,  but  shows  very  peculiar  modifications  of 
the  latter:  the  pigment  epithelium  of  the  eye.  In  order  to  first  get  a  good 
surface  view,  we  use  the  eye  of  a  larger  animal,  in  the  following  manner: 
With  a  razor  all  the  coats  of  the  eyeball  are  incised  along  the  equator,  i.e.> 
parallel  to  the  periphery  of  the  cornea ;  with  scissors  we  complete  the  separa- 
tion, thus  dividing  the  globe  in  an  anterior  and  posterior  half.  The  vitreous 
humor  is  removed  from  the  latter  and  the  specimen  placed  in  very  diluted 
chromic  acid,  1-2  cm^  of  a  1%  solution  of  chromic  acid  to  50  cm^  of  water. 
The  following  day  the  retina  has  become  detached  from  the  other  layers  and 
is  removed  by  transfixing  it  at  the  point  of  entrance  of  the  optic  nerve,  the 
papilla  nervi  optici.  In  reality  we  have  not  removed  the  entire  retina,  but 
only  its  inner  layer,  physiologically  the  most  important  part.  The  outer 
layer  will  adhere  to  the  middle  coat  of  the  eye,  the  choroid.  This  pigmented 
layer  we  can  also  remove  after  two  or  three  days  more,  by  shaking  the  speci- 
men vigorously,  while  still  in  the  solution.  The  epithelium  will  be  found  float- 
ing in  the  liquid  in  the  form  of  larger  or  smaller  pieces.  These  are  trans- 
ferred by  means  of  a  wide  pipette  into  water,  which  must  be  changed  fre- 
quently ;  one  piece  is  selected  and  brought  to  a  slide  in  a  like  manner  and 
mounted  in  levulose.  The  pieces  may  previously  be  stained  in  diluted  hseiiia- 
lum  (p.  56). 

Pigmented  Surface  EpHhelium. 

A  vcr}'  regular  picture  presents  itself.  The  cells  have  taken  a  brown 
color;  they  are  pentagonal  or  hexagonal  in  shape  and  separated  from  their 
fellows  by  light  dividing  lines.  In  the  centre  of  most  cells  a  lighter  spot  can 
be  observed.  With  high  power  we  notice  that  the  brown  color  is  due  to 
small  oval  or  rod-shaped  brown  granules,  which  are  deposited  in  the  cell-body 
in  large  quantities.  In  one  part  of  the  cell  they  are  lacking  or  at  least  are 
only  thinly  spread.  At  this  place  we  find,  as  a  stained  specimen  will  demon- 
strate, the  nucleus,  which  is  free  from  pigment.  The  light  lines  between  the 
cells  represent  the  cement  substance,  connecting  the  cells  among  them- 
selves. 

The   Broivniati    Molecular 
Motion, 

After  teasing  a  sliread  of  epithelium  in  a  drop  of  water  with  two  needles 
and  covering  it  with  a  cover-glass,  we  can  observe  that  this  insult  to  the  tis- 
sues has  torn   several   cells  apart.      S<mie  of  the  pigment   granules   have  be- 
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come  free  aiid  are  swimming  around  in  the  field.  Besides  floHting  in  tlie  cur- 
rents, created  by  evaporation  of  water  at  the  edges  of  the  cover-glass,  the 
granules  will  execute  another  independant  motion:  they  dance  to  and  fro,  con- 
stantly tumbling  and  turning  upon  their  own  axis.  After  cooling  the  slide, 
by  the  application  of  cold  water,  the  motility  will  be  found  to  be  diminished, 
while  careful  warming  will  accelerate  the  same.  This  Brownion  molecttlar 
motion,  which  may  also  be  found  in  living  cells,  roust  be  regarded  as  a  purely 
physical  process,  a  visible  expression  of  the  invisible  motions  constantly  exe- 
cuted by  the  molecules  of  every  liquid. 


Fig.  23. — Pigmented  Epithelium  from  the  Eye  of  the  Hawk 

600,      Sublimate-nitric   acid.      Paraffin    section.      Iron-alum-h.Tmatoxylin. 

The  preceding  specimen  may  give  the  impression  that  pigmented  epithclia 
arc  simple  flat  cells,  similar  to  those  of  the  peritoneum.  This  is  not  so,  since 
we  are  dealing  with  cells  having  processes  which  project  into  the  elements  of 
the  inner  layer  of  the  retina.  In  the  mammalia  these  processes  are  very  fine 
and  tear  off  very  easily.  The  eye  of  the  bird  is  better  suited  for  their  demon- 
stration. The  eye  of  any  bird  is  enucleated  and  placed  in  sublimate-nitric  acid 
(p.  81)  for  five  hours,  washed  overnight  and  transferred  for  three  days  into 
10%  formalin.  We  now  dehydrate  carefully,  and  while  still  in  absolute  alco- 
hol hood-shnped  pieces  of  the  globe  are  cut  with  the  razor  and  embedded  in 
paraffin.  The  sections  are  made  transversely  and  stained  by  the  iron-alum- 
hiematoxylin  method  (p.  57). 

Trantrrrf   Sfclion   of 
Pigment   Epithelium. 

Under  low  power  we  search  for  the  pigment  epithelium,  which  is  then 
examined  under  high  power.  The  cell-body  is  cuboid,  slightly  flattened;  in 
contradistinction  to  that  of  the  horse,  it  contains  little  pigment.  This  is,  of 
course,  true  of  many  mammalia  also,  where  the  outer  zone  of  the  cell-body  is 
free  of  pigment.  The  bulk  of  the  pigment  is  found  in  the  long  processes 
which  extend  into  the  interior  of  the  retina.  The  pigment  here  occurs  in  a 
different  form  to  that  found  in  mammalia:  it  docs  not  fonn  granules  or  rods, 
but  is  found  in  the  form  of  nttedlcs.  A  cement  substance  between  the  heads  of 
cells  cannot  be  demonstrated  in  the  bird. 


Fig.  24.— Pigmented  Epithelium  from  the  Eye  of  the  Hawk 

400.     Sublimate-nitric  acid.     Paraffin  section,  bleached.     Iron  ha-mstoxylin. 

tn  order  to  ascertain  whether  these  processes  arc  really  protoplasmic  estcii- 
lions  of  the  cell-lmdy.  the  pigment  must  tie  removed  from  the  cells,  i.e.,  the  speci- 
men must  be  bleached.     For  this  purpose  (he  sections  are  placed  for  one  hour  J 
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in  a  0.1%  solution  of  permanganate  of  potassiuni,  to  be  followed  with  a  mix- 
ture of  equal  parts  of  1%  sulphide  of  potassium  and  1%  oxalic  acid.  The 
specimen,  first  stained  brown,  will  be  decolorized  by  the  latter  solution.  It 
is  thoroughly  washed  in  hydrant  water,  and,  without  cover-glass,  the  bleach- 
ing is  controlled  under  low  power.  If  the  bleaching  is  not  entirely  satisfac- 
tory, the  process  may  be  repeated.  Having  been  washed  thoroughly  the 
sections  should  be  stained  with  iron-haematoxylin  (p.  56). 

Bleached  Pigment 
Epithelium. 

The   cell-body   will   now   stain   intensively,    and   the   pointed   or   jagged 
processes  emanating  from  it  can  easily  be  recognized. 


PLATE  8 

Fig.  25,  a  and  b. — Cylindric  Epithelia  from  the  Uterus  of  a 

Monkey 

Fig.  26. — Epithelium  from  the  Intestinal  Villi  of  a  Dog 


Fig.  25,  a  and  h. — Cylindric  Epitbelia  from  the  Uterus  of  a 

Monkey 

100.     Sublimatc-3/ttrf/rr'*  fluid-acetic  acid.     Paraffin  sections.     Iron- 

alum-ha?matoxylin. 

Our  next  consideration  will  be  given  to  simple  cylindric  epithelia,  as  found 
in  a  high  stage  of  perfection  in  the  lining  of  the  uterus.  The  uterus  of  a 
child  or  a  monkey  should  be  chosen.  The  organ,  taken  from  a  fresh  body, 
or  from  the  chloroformed  animal,  is  cut  with  a  sharp  razor  into  three  pieces 
— fundus,  body  and  cervix — carefully  avoiding  compression.  The  pieces  are 
fixed  in  150  cm^  of  the  mixture  mentioned  on  p.  32:  sublimate,  Mueller^s  fluid 
and  acetic  acid,  for  from  five  to  six  hours  at  a  temperature  of  about  40°. 
Hereafter  they  are  washed  in  the  usual  manner,  dehydrated  and  embedded  in 
paraffin.  Cross-sections  are  made  of  the  body  and  stained  with  the  iron- 
alum-ha?matoxylin  method  (p.  57). 

Simple  Cylindrical 
Epithelium, 

The  epithelium  of  the  endometrium  is  in  form  of  a  single  layer  of  quito 
regular  cylindrical  cells.  It  would  be  more  exact  to  call  them  prismatic  cells, 
since  most  cross-sections  will  not  show  a  circle,  but  an  irregular  pentagon  or 
hexagon.  The  longitudinal  diameter  of  the  cells  measures  from  three  to  six 
times  the  length  of  the  cross-diameter.  The  cell-body  shows  an  indistinct 
network  of  protoplasm,  which  is  densest  at  the  base  of  the  eel),  becoming 
lighter  toward  the  free  surface. 

The  irregular  ovoid  nucleus  is  situated  near  the  base,  or  may  advance  as 
far  as  the  centre  of  the  cell.  It  adapts  itself  to  the  shape  of  the  cell,  becom- 
ing more  elongated  in  thin  cells,  more  rounded  in  thicker  cells. 

Centriolos   in    the    Cylinder 
Cells, 

Between  the  heads,  i.e.,  the  free  ends  of  the  cells,  we  find  well-developed 
cement  wedges  (kl).  Of  much  greater  interest  is  the  fact  that  this  speci- 
men shows  distinct  central  bodies  in  the  head  of  the  cell  (ck).  They  are  rep- 
resented by  two  minute  bodies,  situated  closely  together  and  surrounded  by 
a  small  lighter  zone.  Thus  these  centrioles  show  an  essentially  different  posi- 
tion from  those  in  the  migrating  cells  of  the  salamander  liver  (Plate  II, 
Fig.  4),  where  they  were  always  found  in  the  immediate  proximity  of  the 
nucleus. 

Not  infrequently  we  see  a  cross-section  through  the  surface  of  the  cell. 
If  the  section  is  made  right  through  the  head  of  the  cell  (Fig.  25,  6),  we 
will  find  witliin  each  of  the  polygonal  cells  our  two  centrioles,  generally  sit- 
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uated  quite  in  the  centre.  Each  cell  is  surrounded  by  a  strong,  black  line, 
the  cement  or  sealing  frame,  and,  where  several  cells  come  in  contact,  this 
cement  substance  is  present  in  large  quantities. 


Fig.  26. — Epithelium  from  the  Intestinal  Villi  of  the  Dog 

600.     Sublimate-chromic-osmic-acetic  acid.     Paraffin  section.     Iron- 

alum-haematoxvlin. 

A  further  representative  of  cylindrical  epithelia  is  found  in  the  lining  of 
the  intestinal  tract.  We  select  any  recently  killed  mammal  (cat,  dog,  mon- 
key, preferably  one  which  has  starved  for  one  to  two  days),  open  the  abdo- 
men, resect  a  piece  of  the  small  intestine,  place  it  on  a  wax  plate  and  open 
it  longitudinally,  fastening  the  piece  at  once  with  hedgehog  bristles,  before 
the  muscles  have  time  to  distort  the  specimen  by  their  contraction.  Intes- 
tinal epithelium  is  very  sensitive  and  must  therefore  be  guarded  against  any 
laceration ;  for  this  reason  it  is  not  advisable  to  rinse  before  the  specimen  has 
been  fixed.  Fixation  takes  place  by  putting  the  plate,  specimen  side  down, 
in  a  vessel  containing  fixing  solution,  upon  which  it  floats.  For  intact  pres- 
ervation of  the  epithelial  tissue  we  recommend  especially  combinations  of  sub- 
limate, osmic  acid,  chromic  acid,  and  acetic  acid,  such  as  the  mixture  spoken 
of  on  page  32.  Fixation  takes  place  frOm  twelve  to  twenty- four  hours.  Wash, 
dehydrate,  embed  in  paraffin,  and  stain  with  iron-alum-hiematoxylin  (p.  67). 

Under  low  power  we  notice  on  the  inner  surface  of  the  intestine  long, 
fingerlike  projections,  the  villi.  The  best  place  for  examination  with  high 
power  will  be  found  near  the  free  end  of  a  villus. 

Cylindrical   Epithelia, 
Ciliated. 

Each  villus  is  covered  by  a  layer  of  cylindrical  epithelium,  made  up  of  long, 
palisadelike  cells.  The  cells  are  mounted  on  a  homogeneous  membrana  propria. 
They  arise  by  a  base,  which  is  slightly  broader,  but  tapers  directly.  The 
narrow  cell-body  again  widens  out  as  it  approaches  the  free  surface.  Here 
and  in  the  centre  of  the  cell  the  epithelia  are  closely  approximated,  but  at 
the  foot  of*  the  cells  interspaces  are  often  seen. 

Goblet  Cells. 

Between  these  narrow  cells  we  find  more  or  less  frequently  large  swollen 
cells.  Thev  arise  with  a  broad  base  from  the  basement  membrane,  become 
constricted  for  a  short  distance  and  again  widen  out  considerably.  At  the 
free  surface  the  cell  ends  in  a  greatly  narrowed  mouth.  Their  shape  has 
earned  them  the  name  of  goblet  cellt  C^^)* 

Besides  their  shape  these  cells  offer  another  characteristic  peculiarity. 
The  wide  part  of  the  cell,  the  goblet  proper,  appears  crowdtnl  with  quite 
large  granules,  becoming  indistinct  as  they  approach  the  surface  and  form- 
ing a  confluent  lioinogt^neous  mass  at   the  mouth,  appearing  like  a   stopper 
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projecting  into  the  lumen  of  the  gut.  Their  object  is  to  manufacture  the  in- 
testinal secretion;  they  are  secretory  cells.  Their  secretion  is  the  mucin,  the 
granules  in  the  interior  of  the  goblet  representing  a  pre-stage  of  mucin. 

While  glancing  over  the  epithelial  cells  we  find,  aside  from  the  typical 
cylindrical  cells,  all  sorts  of  transitional  forms,  approaching  the  goblet-shaped 
cells.  First  we  notice  in  the  superficial  third  of  the  cell-body  a  few  granules, 
which  gradually  increase  in  number  (bfii)^  distending  the  cell-body  by  their 
presence,  until  finally  the  cylindric  cell  has  changed  to  a  typical  goblet  cell. 

Thf  Cilia. 

On  the  free  surface  we  find  in  the  intestine  likewise  a  lining  of  cilia,  sim- 
ilar to  those  found  on  the  cuboid  epithelia  of  the  frog's  kidney.  On  the  cell- 
surface  we  notice  a  thin,  deep  black  layer,  which  is  continuous  with  the  ce- 
ment wedges,  separating  the  cell-heads.  We  may  regard  this  as  a  caticulor 
fortnation,  from  which  the  cilia  arise.  The  latter  are  shorter  and  thicker 
than  those  of  the  kidneys;  they  are  not  of  uniform  length,  thus  giving  the 
epithelial  surface  an  irregular,  jagged  appearance.  They  probably  play  an 
important  part  in  the  absorption  of  the  nutritious  substances  passing 
through  the  intestine.  As  soon  as  production  of  secretory  granules  in  the 
epithelial  cell  has  reached  a  certain  degree,  i.e.,  as  soon  as  the  cylindric  cell 
has  changed  to  a  goblet  cell,  the  contents  rupture  through  the  ciliated  lining, 
the  secretion  thus  pouring  freely  into  the  lumen  of  the  intestine.  Hence  the 
continuity  of  the  cilia  will  appear  broken,  wherever  fully  developed  goblet 
cells  are  found. 

The  nuclei  are  of  irregular,  oval  form,  generally  situated  in  the  centre  of 
the  cell,  but  often  changing  their  position  in  either  direction.  Again  the  rule 
holds  true,  that  nuclei  will  adapt  their  shape  to  their  surroundings,  their  long 
axis  generally  being  at  right  angles  to  the  long  axis  of  the  cell. 

Migrating  Cells  in  the 
Epithelium, 

Numerous  migrating  cells  are  found  in  the  intestinal  epithelium.  They 
HTfr  cf:\h  which  have  left  the  blood  and  lymph  vessels  and  pierced  through  the 
'pMif'Vml  layer  to  be  finally  found  in  the  lumen  of  the  gut.  Wz^  in  our 
fi^ir'-,  represents  such  a  cell.  They  make  their  way  between  the  cells,  in- 
cn'Sthinf^  thf  intercellular  spaces  and  impinging  on  the  calibre  of  the  cell- 
^idy,  m;  tliAt  tlicy  often  appear  to  be  resting  within  the  substance  of  the  cell. 


PLATE  9 

Fig.  27. — Epithelial  Cells  from  the  Intestine  of  a  Monkey 

Fig.  28. — Intestinal  Epithelium  of  the  Pond  Mussel 

Fig.  29. — Ciliated  Cells  from  the  Trachea  and  Nares  of  the 

Monkey 


Fig.  27. — Epithelial  Cells  from  the  Intestine  of  a  Monkey 

280.      Isolation   specimen.      Acetic    acid   vapors.      Biandi   solution. 

We  will  now  study  the  epithelial  cells  of  the  intestine  in  an  isolation  speci- 
men, selecting  the  previously  (p.  II,  7)  described  method.  The  piece  of  gut 
is  spread  on  a  wax  plate  in  the  same  manner  as  in  the  preceding  specimen, 
and  is  exposed  to  acetic  aci^  vapors. 

The  picture  will  correspond  in  all  essentials  to  that  of  the  section  speci- 
men, excepting  that  perchance  no  goblet  cells  are  seen.  Partly  the  cells  are 
entirely  isolated,  partly  they  adhere  to  others  in  little  groups.-  We  have  an 
especially  good  view  of  the  basal  end  of  the  cell  in  this  specimen.  We  also 
notice  a  migrating  cell  («^),  which  is  just  passing  through  the  epithelium. 

Fig.  28. — Intestinal  Epithelium  of  the  Pond  Mussel 

600.    Sublimate-Jfu^/Z^r'*  fluid-acetic  acid.    Paraffin  section.    Biondi  solution. 

A  typical  specimen  for  the  study  of  ciliated  epithelium  is  furnished  by 
the  ordinary  pond  mussel,  Anodonta  cygnea,  the  gills  and  intestines  of  which 
possess  magnificent  ciliated  epithelia.  It  is  of  advantage  to  anesthetize  the 
animal  before  opening  its  shell,  which  can  be  accomplished  by  placing  it  over- 
night in  a  vessel  containing  a  1%  solution  of  chloral  hydrate.  The  next  day 
the  shell  will  be  found  open;  the  hinge-band  is  severed  and  half  of  the  shell 
removed  by  dissecting  off  the  closing  muscle.  After  one  half  of  the  envelop- 
ing coat  has  been  removed  and  the  external  gills  turned  back,  the  lower  part, 
containing  the  bulk  of  the  intestinal  tract,  is  freely  visible.  The  latter  arc 
delivered,  split  with  the  razor,  and  one-half  is  fixed  in  100  cm^  of  sublimate- 
Mueller^s  fluid-acetic  acid  for  five  hours  (p.  82).  The  usual  after-treatment 
and  embedding  in  paraffin  follows.  Very  thin  sections  are  made  and  stained 
with  Biondi  solution  (p.  67);  the  iron-alum-hiematoxylin  method  (p.  57) 
likewise  furnishes  very  clear  pictures.  The  remaining  half  of  the  specimen 
can  be  prepared  for  isolation  in  the  manner  described  on  p.  II,  7  by  means 
of  acetic  acid  vapors. 

Cylindrical  Ciliated 
Epithelia. 

The  long,  narrow  cylindrical  cells  of  the  intestinal  epithelium  are  mounted 
on  a  homogeneous  basement  membrane.  The  nucleus  is  situated  near  the  base 
of  the  cell,  always  containing  one  or  even  two  very  prominent  nucleoli. 

The  free  surface  of  the  cells  is  covered  with  a  narrow,  homogeneous  cuti- 
cular  band  (m),  slightly  arching  from  cell  to  cell,  from  which  arise  the  fairly 
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long,  fine,  weakly  staining  cilia  (/A).  Between  cuticular  layer  and  cells  a 
single  row  of  fine  granules  may  barely  be  distinguished,  the  bosol  granules 
{bk)y  one  being  provided  for  each  cilium.  It  is  very  interesting  to  note  in 
this  specimen  that  the  cilia  are  continued  into  the  cell  itself,  converging,  after 
piercing  the  cell,  to  form  a  tapering  train  within  the  cell-body.  This  so- 
called  roof  of  the  cilia  (fw)  can  be  traced  throughout  the  entire  length  of 
the  cell;  it  passes  close  by  the  nucleus,  to  become  lost  at  the  base  of  the  ceU* 

Fig.  29. — Ciliated  Cells  from  the  Trachea  and  Nares  of  the 

Monkey 

280.     Isolation  specimen.     Acetic  acid  vapors.     Biandi  solution. 

The  ciliated  epithelium,  as  found  in  the  upper  and  intermediate  respira- 
tory tracts  of  the  mammalia  and  of  man,  is  not  made  up  of  simple  cylindrical 
epithelia,  as  we  will  soon  be  able  to  verify;  our  reason  for  selecting  it  at  this 
time  is  solely  with  regard  to  the  ciliated  cells. 

The  trachea  of  a  freshly  killed  mammal  is  exposed  and  a  piece  resected, 
split  in  the  long  axis  and  mounted  on  a  wax  plate,  the  mucous  membrane  of 
course  being  face-up.  Isolation  and  staining  is  done  according  to  the  rules 
on  p.  II,  7.  To  obtain  the  ciliated  epithelium  of  the  nares,  the  head  is  sawed 
in  two,  close  to  the  median  line,  after  the  brain  has  been  removed;  the  two 
halves  are  turned  apart  and  the  cartilaginous  septum  narium  can  be  excised 
and  treated  in  the  same  manner. 

Isolated  Ciliated  Cells, 

In  the  specimen  of  trachea  (Fig.  31,  a)  we  will  see  narrow  cells,  tapering 
toward  their  base  and  surmounted  by  moderately  long,  densely  distributed 
cilia  with  distinct  basal  granules.  The  oval  nucleus  lies  close  to  the  ceU-base 
or  in  its  centre. 

The  ciliated  cells  of  the  respiratory  mucous  membrane  (Fig.  31,  b)  aro 
longer  and  narrower.  Their  basal  ends  taper  still  more.  Here,  as  well  as  in 
the  trachea,  we  notice  between  the  ciliated  cells,  elements  which  we  imme- 
diately recognize  as  goblet  cells. 

Oohlet  Cells  Among 
Ciliated  Epithelia. 

The  entire  goblet  has  taken  a  deep  blue  stain,  the  nucleus  appears  closelj 
adhering  to  the  base.  The  cell-body  is  drawn  out  to  a  point.  Mucin  gran- 
ules cannot  be  recognized  among  the  deep  blue  contents  of  the  goblet ;  our 
primitive  fixing  method  has  failed  to  preserve  them.  On  the  other  hand  an 
important  staining  property  of  mucus  is  illustrated  weU  in  our  specimen^ 
namely,  its  afSnity  for  basic  dyes,  which  it  takes  on  eagerly. 


PLATE  10 

30. — Flagellated  Epithelium  from  the  Vestibule  of  the 

Lamprey 

Fig.  31. — Stratified  Epithelium  from  the  Human  Cornea 
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Fig.  30. — Flagellated  Epithelium  from  the  Vestibule  of  the 

Lamprey 

600.     Alcohol-chloroform-acetic  acid.     Paraffin  section.     Iron-alum- 

haematoxylin. 

A  wonderful  object  for  the  study  and  life  observation  of  ciliated  epithe- 
lium is  furnished  by  the  lamprey,  petromyzon  fluviatilis,  in  the  epithelial  lining 
of  the  largest  part  of  its  aural  capsule.  The  animals  can  easily  be  cap- 
tured in  the  spring,  when  they  travel  up  stream,  for  the  purpose  of  depositing 
their  eggs,  and  at  other  times  may  be  secured  from  dealers.  The  animal  is 
killed  by  severing  the  head  about  three  fingers'  breadth  behind  the  eyes.  Be- 
ginning at  the  dorsal  edge  of  the  eye,  we  carry  a  longitudinal  incision  through 
muscles  backward,  which  will  soon  bring  us  to  a  pea-sized  prominence,  the 
aural  capsule.  Dissecting  away  all  muscles,  we  cut  the  capsule  smoothly  at 
its  base  and  fix  for  fifteen  minutes  in  alcohol-acetic  acid  or  alcohol-chloroform- 
acetic  acid,  according  to  the  rules  discussed  on  p.  33.  We  embed  in  paraffin 
and  stain  the  sections  with  iron-alum-ha?matoxylin  (p.  57). 

Observation   of   the   Ciliary 
Motion   in  the  Living  Object. 

The  aural  capsule  of  the  other  side  is  used  for  observation  of  the  ciliary 
motion  intra  vitam,  razor  sections  being  made  and  examined  in  normal  saline. 
The  excessively  long  tapering  cilia  appear  like  a  pointed  whip.  The  ciliary 
motion  is  slow,  the  diflFerent  whips  moving  in  coordinate  order,  without  sepa- 
rating from  one  another.  The  movements  are  rhythmical,  comparable  with 
the  waving  of  a  wheat-field  before  the  wind. 

The  stained  specimen  should  first  be  regarded  through  low  power.  If 
the  section  has  been  made  at  right  angles  to  the  long  axis  of  the  capsule, 
i.e.,  the  entire  animal,  and  traverses  the  centre  of  the  organ,  we  find  the 
ciliated  epithelium  only  in  a  sinus,  bulging  out  laterally  and  on  the  ventral 
surface,  the  vestibulum  so-called,  while  the  remaining  portion  of  the  capsule 
is  covered  by  a  diflFerent  type  of  epithelium. 

Cuboid  Flagellated 
Epithelium. 

High  power  will  reveal  cuboid  to  low  cylindrical  cells,  mounted  on  a  mem- 
brana  propria  (mp)  containing  granules.  Sometimes  a  cell  is  seen  pushed 
l>etweon  two  adjacent  cells  at  their  bases,  its  head  never  reaching  the  free 
surface.  The  cellular  protoplasm  forms  an  exquisite  network,  containing 
deeply  stained  granules.  The  nucleus,  often  double,  is  round  and  occupies 
the  centrt'  of  the  cell. 

On  the  free  surface  of  each  cell  we  notice  a  lenticular,  pale-staining 
Cttticula    (c}l)^   which   near   the    lumen    is    studded    with    a   single   layer   of 
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fairly  thick  basal  granules  (ftfr),  which  may  be  so  densely  distributed  as  to 
resemble  a  black  band.  From  each  basal  granule  arises  one  ciliutn.  The 
latter  is  thin  at  the  point  of  origin,  increasing  in  thickness  and  again  taper- 
ing at  the  pointed  end.  While  the  cilia  arise  separately  at  their  base,  they 
coalesce  more  or  less  in  their  course,  forming  a  sort  of  whip  (gr),  which  ends 
in  a  point.  In  the  same  manner,  as  they  are  seen  moving  together  in  life, 
the  different  cilia  making  one  whip  are  always  found  closely  approximated  in 
the  fixed  specimen. 

Roots,  as  we  have  seen  them  in  the  anodonta,  cannot  be  distinguished 
here. 

Fig.  31. — Stratified  Epithelium  from  the  Human  Cornea 

600.      Formalin.      Frozen   section,     Iron-alum-haematoxylin. 

Stratified  epithelium,  next  to  be  considered,  is  found  in  wide  distribution 
forming  the  outer  covering  of  the  body  of  vertebrates,  penetrating  to  some 
extent  into  the  body-openings.  A  typical  example  is  the  cornea  of  man  or 
of  the  larger  mammalia.  The  globe  is  enucleated  in  toto,  fixed  in  10%  forma- 
lin, transferred  the  next  day  to  5%  formalin,  where  the  cornea  is  separated 
with  the  razor  close  to  the  corneo-scleral  border  and  divided  into  several  sec- 
tions, which  are  cut  transversely  on  the  freezing  microtome.  Staining  with 
iron-alum-hapmatoxylin  (p.  57). 

On  its  outer  surface  the  cornea  is  bounded  by  stratified  epithelium.  The 
deepest  layer  consists  of  cylindrical  cells,  varying  in  length  and  width,  which 
protrude  into  the  next  layers  by  their  club-shaped  peripheral  ends.  The 
nucleus  is  most  always  situated  in  this  clublike  extremity,  so  that  we  see  a 
basal  protoplasm  stratum  void  of  nuclei.  Quite  often  we  find  cells  in  the 
state  of  division  (w). 

Stratified  Flat  or 
Squamous  Epithelium, 

Following  these  cylindrical  cells  are  two  to  three  layers  of  irregular 
polyhedral  cells,  the  first  layer  having  long  tapering  processes  which  project 
between  the  heads  of  the  cylindrical  cells.  Outside  of  these  there  are  three 
layers  of  flat  epithelium,  the  cells  becoming  flatter  as  they  near,  the  surface, 
so  that  the  outermost  layer  consists  of  large  polygonal  plates^  which  give  a 
smooth  contour  to  the  organ. 

Such  epithelium  is  designated  as  stratified  flat,  sometimes,  though  not 
quite  correctly,  as  pavement  epithelium.  It  is  found,  at  times,  having  many 
more  layers,  on  the  entire  body  surface,  the  mouth,  pharynx,  vagina,  fossa 
navicularis  of  the  male  urethra,  the  entire  female  urethra  and  certain  parts 
of  the  respiratory  apparatus. 


PLATE  11 

Fig.  32. — Cell-Bridges  from  the  Epithelium  of  the  Human 

Glaiu  Penis 


Fig.  33.— Bladder  Epithelia  of 

Fig.  34. — Bladder  Epithelia  of  Monkey 

Fig.  35. — Respiratory  Epithelia  from  the  Nares  of  the 

Guinea-Pig 


Fie.  32.— CeO-BMdfcs  frart  the  Epidieliimi  of  the  Honui 

fihint  Penis 

1000.     Alcobol.     PArmffn  section.     Methjl  Tiolet.     Gram's  Anflin  txUA. 

In  oar  third  ^peennen  (p.  O,  8)  we  luire  already  met  with  cellular  bridges. 
TlieT  are  4till  better  derelopcd  among  the  stratified  epithelia,  especially 
OKMig  the  thick  and  fast-growing  epithelia.  We  select  a  piece  from  the 
forface  of  the  glans  penis:  or,  better  still,  from  some  fast-growing  cuticular 
excreacence,  e.g^  warts  or  pointed  condjlomata.  The  pieces  are  fixed  in 
abtobie  alcohol  (p.  33)  and  embedded  in  paraffin.  Verv  thin  sections  are 
made  and  stained  in  gentian  riolet  (p.  59)  for  from  fifteen  to  thirty  minutes* 
the  excess  dre  is  rinsed  off  with  water,  and  a  few  drops  of  Gramas  solution 
(p.  59)  are  placed  upon  the  section  for  a  half  to  one  minute.  After  decant- 
ing the  latter,  the  slide  is  dried  carefully  around  the  specimen,  and  the  latter 
itself  dried  with  tissue  paper,  u^ing  threefold  paper  with  simple  pressure  and 
without  moving  sidewars.  A  mixture  of  anOin  and  xvloK  equal  parts,  is 
placed  on  the  sections,  which  will  extract  the  stain  powerfuUv ;  when  the  parts 
appear  light  blue,  the  redaction  is  discontinued.  After  washing  well  in  pure 
xjlol  we  mount  in  Canada  balsam. 

Intercellular  Gapt  and 
BridqeA. 

We  notice  m  our  •f^cirr**:n  that  the  cells  in  the  thick  epithelial  strata^ 
especially  in  thf:  middle  and  defrpest  laver«,  are  separated  by  moderately  large 
intercellular  gap^.  from  cell  to  cell  fine  threads  are  spread,  which  are  con- 
tinued into  the  cell-b'xiv. 

Epithelial  Fihr*:Jf. 

We  thus  have  a  system  of  fibres,  running  from  cell  to  cell,  piercing  the 
p<'ripheral  parts  of  the  celK:  the  fibres  may  not  only  connect  two  adjacent 
cells,  but  may  cover  a  long  di-»tance.  piercing  a  great  number  of  cells  in  their 
courw.  Midway  b*rtwrr#rn  two  cells  we  usually  find  a  small  knot  deposited  in 
each  fibre.  By  close  congregation  of  the  knots  of  the  various  fibres,  lines^ 
appearing  like  strings  of  Ixrad-^.  are  created,  which  run  through  the  interstices 
of  the  cells  parallel  to  the  cont^^r  of  the  latter. 

Fig.  33.— Bladder  ^ithelia  of  Child 

300.     Formalin.     Frozen   '•'-rtion.     Biondi  solution. 

Another  vari'*y  of  ^tratifiefl  epitljelium  is  the  so-called  transitional 
epithelium,      'i'o  d'-mon  strata    jt,   wr    •/ |r  rt    tfj*-   bladder.      After   excising  the 
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viscus,  we  open  it  longitudinally;  when  dealing  with  smaller  mammalia,  the 
entire  organ,  when  larger  mammalia  or  the  human  specimen  are  used,  pieces 
of  it  are  mounted  on  a  wax  plate,  the  mucous  membrane  being  uppermost. 
Fixation  in  formalin.  Staining  of  the  frozen  sections  in  Biondi  solution 
(p.  67). 

Transitional  Epithelia, 

We  find  here  a  picture  which  has  many  similarities  in  common  with  the 
stratified  flat  epithelia.  The  number  of  layers  varies,  averaging  six  to  eight. 
The  deepest  layer  consists  of  cylindrical  cells,  which,  however,  are-  more  irreg- 
ular and  less  deep  than  those  seen  in  the  stratified  squamous  epithelium. 
Following  this  are  four  to  six  strata  of  entirely  irregular,  polyhedral  cells/ 
which  do  not  become  flatter  as  they  approach  the  free  surface.  The  main 
characteristic  of  these  cells  is  seen  in  the  uppermost  layer,  forming  the  lining 
of  the  bladder  lumen.  It  is  made  up  of  large  cells,  which  project  into  layers 
below  by  variously  sized  processes. 

Thickness  and  Shape  of 
Epithelial   Cells   Dependent 
upon  the  State  of  Contraction 
of  the  Bladder, 

The  thickness  and  shape  of  bladder  epithelium  is  in  a  high  degree  de- 
pendent upon  the  state  of  contraction  of  the  organ.  Our  specimen  shows  a 
state  of  medium  contraction.  In  a  distended  bladder  our  epithelia  would 
appear  decidedly  flatter  and  broader.  In  order  to  illustrate  this  physiolog- 
ically not  unimportant  phenomenon,  we  withdraw  the  urine  from  a  freshly 
killed,  preferably  female,  animal  with  a  glass  catheter  and  refill  the  bladder 
with  a  10%  formalin  solution.  For  this  purpose  we  attach  to  the  glass  tube, 
after  complete  catheterization,  a  rubber  tube,  into  which  a  funnel  is  inserted. 
Raising  the  glass  tube  to  a  level  with  the  funnel,  we  fill  the  entire  apparatus 
with  the  formalin  solution,  close  the  rubber  tube  with  a  pinchcock,  insert  the 
glass  catheter  into  the  bladder  per  urethram  and  release  the  stopcock.  After 
one  hour  the  abdomen  is  opened,  the  bladder  tied  off  and  cut  off  distant  to 
the  ligature.  The  distended  viscus  is  now  suspended  in  a  5%  solution  of  for- 
malin, where  it  is  left  until  the  following  day,  when  it  will  be  ready  for  sec- 
tioning on  the  freezing  microtome. 


Fig.  34. — Bladder  Epithelia  of  Monkey 

400.     Isolation  specimen.     Acetic  acid  vapors.     Biondi  solution. 

In  the  manner  described  before,  the  fresh  organ  is  attached  to  a  wax 
plate  and  troatc^d  according  to  the  method  described  on  p.  II,  7. 

Isolated   Transitional    Cells, 

The  singular  form  of  bladder  epithelium  is  illustrated  better  in  this  isola- 
tion specimen  than  in  section.  The  cell-body  is  seen  studded  with  projections, 
pointed  and   jagged,  which  serve  to  connect  adjacent  colls.     The  knowledge 
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of  the  shapes  of  these  cells  is  of  importance  in  practice,  since  they  are  to  be 
looked  for  in  the  urine  during  pathological  conditions  of  the  mucous  mem- 
brane of  the  bladder. 


Fig.  35. — Respiratory  Epithelia  from  the  Nares  of  the 

Guinea-Pig 

500.     Sublimate-acetic  acid.     Frozen  section.     Biondi  solution. 

The  last  variety  of  epithelium  to  be  considered  is  the  stratiform  cylin- 
drical, as  found  in  ciliated  form  in  the  upper  respiratory  tract.  The  head  of 
a  small  mammal  is  divided  with  the  saw  near  the  median  line.  On  the  larger 
half  we  will  find  the  cartilaginous  nasal  septum,  which  is  excised  with  scissors 
and  suspended  in  a  mixture  of  3%  sublimate  with  1%  acetic  acid  for  five  to 
six  hours.  Washing  must  be  continued  for  twenty-four  hours  in  running 
water,  after  which  the  specimen  is  placed  in  5%  formalin.  Thin  frozen  sec- 
tions are  made  transversely  to  the  surface  and  stained  in  Biondi  solution 
(p.  67). 

Stratiform  Cylindrical 
Ciliated  Epithelium, 

The  most  prominent  element  of  this  specimen  are  long  ciliated  cylindrical 
cells,  such  as  we  have  previously  seen  isolated  (Fig.  81,  b).  We  notice  in  our 
section  that  their  finely  drawn-out  basal  ends  reach  the  membrana  propria, 
and  are  at  that  point  set  in  between  other  conical  cells.  The  heads  of  the 
latter  do  not  reach  the  epithelial  surface.  These  latter  cells  are  usually  des- 
ignated as  replacing  cells,  their  object  being  to  replace  the  ciliated  cells, 
which  have  been  used  up  in  their  activity  and  are  therefore  of  limited  vitality. 

As  the  ciliated  epithelia  reach  throughout  the  thickness  of  the  layer,  we 
cannot  speak  of  stratified  epithelium,  hence  we  name  epithelium,  having  sev- 
eral rows  of  nuclei  stratiform  epithelium. 
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Fig.  36. — Subcutaneous  Connective  Tissue  of  the  White  Rat 

Fig.  37. — Subcutaneous  Connective  Tissue  from  the  White  Rat 

Fig.  38. — Cross-Section  through  the  Ligamentum  Nuchae 

of  the  Calf 


2.    CONNECTIVE    TISSUE 
Fig.  36. — Subcutaneous  Connective  Tissue  qf  the  White  Rat 

650.    Sublimate.    Frozen  section.    Biondi  solution. 

As  a  type  of  loose  connective  tissue  we  select  the  subcutaneous  connective 
tissue  of  a  small  mammal,  preferably  that  of  the  rat.  The  animal  is  decapi- 
tated and  the  skin  over  the  thorax  and  abdomen  is  slit  open  in  the  median 
line  and  dissected  ofF  to  the  sides,  taking  in  all  the  loose  connective  tissue 
which  binds  the  skin  to  the  muscles.  A  glass  syringe,  equipped  with  a  metal 
needle,  is  filled  with  8%  sublimate  solution,  and  the  subcutaneous  tissue  is  in- 
jected therewith.  When  pressing  down  the  piston,  the  subcutaneous  tissue 
will  disengage  In  the  form  of  a  bladder;  we  have  thus  created  an  artificial 
(pdema  and  sinuiltaneously  fixed  our  tissue.  A  fair-sized  piece  of  hide  is  cut 
oflF,  mounted  on  a  wax  plate  and  placed  in  a  8%  solution  of  sublimate  for  two 
to  three  hours.  The  specimen  is  washed  overnight  and  transferred  to  5% 
formalin  for  twenty-four  hours.  After  removing  the  skin,  frozen  sections  of 
moderate  size  are  made.  They  are  stained  with  Biondi  solution  (p.  67)  and 
mounted  in  balsam  or  levulose.  It  might  be  worth  mentioning  that  the 
syrinj^e  must  be  washed  and  cleansed  directly  after  use. 

Our  sections  will  present  an  exceptionally  complete  and  instructive  picture 
of  connective  tissue  and  its  component  parts. 

ContitU'tirt'   Tisstn'   Fibres 
iiik/  Fibrils. 

Duo  to  the  pressure  of  the  injected  fluid  the  conncctire  tissue  fibres 
have  iHvn  greatly  sepanited.  They  are  seen  {coif)  in  the  form  of  tortuous 
thicker  or  thinner  fibres  winding  their  way  across  the  Hold,  being  composed  of 
numerous  delicate  fibrils^  whicli  at  times  is  much  more  distinctly  shown  than 
in  this  picture, 

Kht^fir   Fibres, 

Besides  these  collagenous  fibres  we  meet  numerous  tliinner  fibres,  equally 
tortuous  but  divper  nxl  than  the  previous;  in  these  a  longitudinal  striation 
cannot  U^  di^tinguisluHl,  They  arc  the  elastic  fibres  (*//).  These  two  va- 
rieties of  fibres,  aside  from  tlioir  ditTcrenee  in  staining  properties,  as  will  be 
>hown  l;iter,  are  ditTervMitIv  afTected  bv  acetic  acid.  To  demonstrate  this,  we 
will  prep;ire  anotlier  specin\en,  treating  it  in  the  same  way  as  tlie  first,  except 
that  we  u-ic  lu^rmal  saline  for  inieetii»n  instead  ot  sublimate.  With  curved 
Nci'-isorN  wv  out  v>tY  the  roof  ^.^i  tlu*  ii\leniatous  swelliiiij:  and  place  it  on  a 
slide  luul^r  a  eover-irl'*^>.  I'he  eollag\iu»u<  fibres  will  appear  about  the  same 
a-s  lvt\>re,  i:r!\iM'.i:!i  the  cellular  elements  will  be  Kns  prominent.  We  now  lift 
our  eoxvr  i^ia^x    irui  <iif>p!v   a  few  drop^  of  -' •    aeetie  aeui.      At  once  a  swell- 
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ing  of  the  collagenous  fibres  is  noticed;  tliey  become  so  transparent  as  to 
escape  the  attention  of  the  superficial  observer.  From  this  field  the  totiilly  un- 
chnnffeil,  previously  scarcely  noticeable  elastic  fibres  stand  out  prominently. 
By  this  reaction,  therefore,  the  latter  can  always  be  easily  identified. 

The  CeUular  Element  of 
Conneclivf  TtMUf. 

Returning  to  our  original  specimen,  we  will  study  the  cellular  element, 
since  little  can  be  learned  from  unstained  specimens  in  this  regard.  At  first 
we  notice  large  light-red  cells  (fbl),  the  bodies  of  which  are  provided  with 
long  processes,  drawn  out  over  wide  areas  of  the  specimen.  The^e  are  the 
formers  of  the  connective  tissue  fibres,  the  connective  tissue  COrpusdeB 
or  fibroblasts.  Each  cell  has  a  round  or  oval  nucleus.  The  cellular 
processes  vary  in  thickness;  they  are  thready  or  wing-shaped.  Very  often 
we  can  observe  how  these  processes  accompany  the  connective  tissue  fibres, 
enveloping  them  for  some  distance.  The  second  characteristic  cell  in  our 
specimen  is  the  mast-C^l  {mz).  It  is  round  or  oval  in  shape  without  having 
any  processes,  and  seldom  attains  the  size  of  the  fibroblast.  The  characteris- 
tic feature  of  these  cells  is  found  in  numberless  coarse  granules,  which  are 
scattered  throughout  them,  staining  intensely  with  basic  dyes,  hence  selecting 
the  methyl  green  of  the  Biondi  solution.  With  it  they  stain  deep  blue  with 
a  slight  tinge  of  violet.  The  granules  having  suffered  somewhat  by  our  pre- 
liminary treatment,  appear  slightly  swollen.  Mast-cells,  ah  seen  abundantly 
in  our  specimen,  are  of  frequent  occurrence  in  human  connective  tissue;  we 
will  have  ample  opportunity  to  meet  them  in  our  subsequent  studies, 

A  third  type  of  cells,  the  retting  migratory  celh,  or  clanmatacytet,  are 
relatively  rare  in  the  rat  {cl).  In  size  they  approximate  the  fibroblasts,  like- 
wise being  provided  with  processes,  which,  however,  are  always  short  and 
stubby.  They  contain  granules,  which  take  up  the  acid  fuchsin  from  the 
Biofuli  solution. 

Another  cell,  which  is  frequently  met  with  in  connective  tissue,  but  which 
does  not  appear  in  our  picture,  is  the  migrating  csff,  which  we  met  during 
our  study  of  epithelium.  It  is  derived  from  the  btoo<l  or  lymphatic  system, 
occurring  in  varying  forms  and  siws. 

In  the  rat  we  frequently  encounter  eosinophilic  C^ls  (fo?),  small  cells, 
likewise  coming  from  the  blood,  having  n  ring  or  snuKUge-shaped  nucleus  of 
deep  grci-n  color.     They  contain   numerous   fine  orange-red  granules. 


Fig.  37. — Subcutaneous  Connective  Tissue  from  the  White  Rat 

800.     SubHmiite,     Frozen  section.     Paracarmio.     Resorcin- fuchsin. 

To  enable  us  to  judge  the  amount  of  elastic  fibres  in  connective  tissue  and 
to  demonstrate  a  specific  reaction,  we  select  some  frozen  sections,  place  them 
in  70%  alcohol,  stain  in  dilute  paracarmin  (p.  55)  for  ten  minutes,  wash  in 
70%  alcohol  and  counterstain  for  fifteen  minutes  in  resorcin-fuchsin  (p. 
68).  After  thoroughly  washing  in  95%  alcohol  we  put  them  through  abso- 
lute alcohol  and  xvlol  and  mount  in  balsam. 
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Elastic  Fibres, 

Our  specimen  is  intersected  by  numerouis  thin,  winding,  elastic  fibres,  and 
we  are  now  able  to  appreciate  their  great  number,  which  was  impossible  in 
the  preceding  specimen.  They  are  stained  deep  blue-black,  whereas  the  col- 
lagenous fibres,  scarcely  stained  pink,  form  the  background  of  the  field. 


Fig.  38. — Cross-Section  through  the  Ligamentum  Nuchae 

of  the  Calf 

800.     Fresh  frozen  section.     Haemalum. 

Elastic  fibres  are  not  always  as  thin  as  we  have  seen  them  in  the  sub* 
cutaneous  connective  tissue,  but  may  in  some  places  attain  a  very  considerable 
thickness.  As  an  example  we  select  the  posterior  neck  ligament  of  the  calf, 
which  consists  almost  entirely  of  elastic  tissue.  This  can  be  secured  from 
any  slaughter-house.  A  piece  2-8  mm  in  thickness  is  resected  with  the 
razor,  as  near  diagonal  to  the  course  of  the  fibre  as  possible.  Frozen  sections 
are  made,  stained  with  haemalum  (p.  56),  and  mounted  in  balsam. 

Elastic  Fibres  of 
Ligamentum  Nuchop. 

The  tissue  is  made  up  of  closely  approximated,  yellowish  brown  fibres, 
appearing  usually  round  in  cross-section  and  connected  among  themselves  by 
a  light  blue  intercellular  substance.  Loose  connective  tissue  divides  the  en- 
tire section  into  separate  bundles.  Besides  the  fibres  we  also  see  cells  in  this 
tissue,  closely  approximated  to  the  elastic  fibres  and  having  winglike  processes. 
The  latter  more  or  less  envelope  the  fibres. 

After  studying  the  cross-section  we  should  prepare  frozen  longitudinal 
sections,  which  will  show  how  the  separate  fibres  divide  and  mingle  with 
others  to  form  a  network  and,  furthermore,  how  the  fibres,  by  virtue  of  their 
elasticity,  curl  at  their  cut  ends  like  shepherds'  crooks. 
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Fig.  39. — Cross-Section  through  Tendon  of  Sheep 
Fig.  40. — Longitudinal  Section  through  Tendon  of  Sheep 


Fig.  39. — Cross-Section  through  Tendon  of  Sheep 

260.     %.     Formalin.     Frozen  section.     Hasmalum. 

As  an  example  for  formed  connective  tissue  we  have  selected  the  tendon. 
The  foot  of  a  large  animal  (sheep,  calf)  is  skinned  and  fixed  in  toto  in  10% 
formalin.  The  following  day  small  pieces  are  cut  from  the  numerous  ten- 
dons, placed  in  5%  formalin  and  after  twenty- four  hours  divided  with  the 
freezing  microtome  into  transverse  and  longitudinal  sections.  Staining  with 
hasmalum  (p.  56).  Care  should  be  taken  to  make  the  cross-sections  really  at 
right  angles  to  the  course  of  the  tendon-bundles. 

Formed  or  Fibrous  Connective 
Tissue  of  Tendon; 
Peritenonium. 

The  cross-section  shows  the  tendon  surrounded  by  a  coarse,  connective 
tissue  sheath,  the  peritenonium.  The  latter  sends  processes  into  the  interior 
of  the  tendon,  which  divide  off  larger  bundles,  which  in  turn  consist  of  smaller 
bundles,  the  primary  tendon  bundles.  One  of  the  latter  is  depicted  in  Fig. 
4fO,  Tendon  fibns.  It  is  enveloped  on  all  sides  by  cellular,  vascular  connective 
tissue  and  consists  of  numerous  tendon  fibres^  which  are  rounded  on  cross- 
section,  closely  approximated,  now  and  then  impinging  on  the  calibre  of  their 
fellows,  so  that  their  cylindrical  shapes  are  here  and  there  changed  to  pris- 
matic. 

Tendon  Corpuscles. 

Between  the  fibres  stellate  cells  are  seen  in  close  relation  with  the  former, 
enclosing  them  in  a  similar  manner  as  we  have  seen  in  the  case  of  the  liga- 
ment; they  are  called  the  tendon  COrpawcleM. 

Tendon  Fibrils. 

The  tendon  fibres,  as  the  loose  connective  tissue  fibres,  are  again  com- 
posed of  numerous  tendon  fibrils;  our  transverse  section  hardly  demonstrates 
this  fact. 


Fig.  40. — Longitudinal  Section  through  Tendon  of  Sheep 

450.     Formalin.     Frozen  section.     Ha*malum. 

The  picture  seen  in  the  cross-section  of  tendon  is  materially  supplemented 
by  the  longitudinal  section.  Here  the  tendon  fibres  are  seen  to  be  composed 
of  distinct  fibrils.     They  appear  longitudinally  striated. 
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Tendon  Corpuscles. 

These  are  seen  in  various  forms,  according  to  whether  a  transverse  or 
longitudinal  section  has  been  made  through  them.  In  the  former  case  we 
will  find  a  flat,  approximately  rectangular  cell-body,  emanating  from  which 
are  seen  numerous  jagged  or  thready  processes,  which  may  join  others  to 
form  a  network.  In  the  centre  of  the  cell  we  see  a  long,  rollerlike  nucleus. 
Not  infrequently  a  dark  shadow  is  observed  in  the  axis  of  the  cell,  which, 
upon  changing  the  focus,  can  be  identified  as  a  separate  process,  leaving  the 
cell-body  at  right  angles.  If  the  cell  has  been  divided  longitudinally  the  elon- 
gated nucleus  is  seen  occupying  the  entire  width  of  the  cell.  Between  these 
two  extremes  are  those  sections  where  one  side  of  the  cell  seems  closely  cut 
off,  the  nucleus  touching  this  side. 

If  we  take  a  mental  r^sum^  of  all  these  pictures  furnished  by  the  cross- 
section,  we  will  obtain  the  following  cell-form.  Each  cell  has  a  thin,  elongated 
body,  tightly  enveloping  the  nucleus,  flat,  winglike  processes  emanating  from 
the  entire  length  of  the  cell.  These  processes  grasp  and  wrap  themselves 
around  the  neighboring  tendon  fibres. 

The  tendon  corpuscles  are  arranged  in  rows.  An  interval  is  alwaya 
present  between  two  cells. 


PLATE  14 

Fig.  41. — Pigmented  Connective  Tissue  Cells  from  the  Pia  Mater 

of  the  Sheep 

Fig.  42. — Fat-Cells  from  the  Subcutaneous  Connective  Tissue 

of  the  Hedgehog 
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Fig.  41. — Pigmented  Connective  TiMue  Celb  from  the  Pia  Mater 

of  the  Sheep 

300.     Surface  specimen.     Formalin.     Hipmalum. 

In  the  two  following  specimens  we  will  acquaint  ourselves  with  some  par- 
ticular properties  of  the  fibroblasts.  They  are,  as  wc  will  see,  able,  in  com- 
mon with  epithelial  cells,  to  elaborate  in  their  interior,  respectively  store  up 
pigment  and  fat.  If  pigment  or  fat  cells  are  present  in  abundance  through- 
out connective  tissue,  such  tissue  is  called  pigment  or  fat  tissue  respectively. 
Pigment  tissue  is  found  in  man  (at  least  in  the  white  race)  only  in  the  mid- 
dle layer  of  the  eye,  in  animals  it  may  be  found  in  other  places.  A  good  spe- 
cimen can  easily  be  secured  from  the  pia  mater  of  the  sheep.  From  the  fresh 
brain,  flat  sections  are  taken  off  the  surface  with  a  razor  and  placed  on  a 
wax  plate,  external  surface  down.  The  brain  substance  can  be  carefully  re- 
moved in  sections  with  a  scalpel,  held  vertically,  and  the  remaining  meninges 
fastened  with  pins.  Any  remaining  brain  tissue  can  be  taken  off  with  a 
camel's-hair  brush,  moistened  in  normal  saline;  the  specimen  is  spread  well, 
fastened  with  hedgehog  bristles  and  fixed  in  formalin.  The  pigmented  parts, 
which  can  be  recognized  by  the  unaided  eye,  are  cut  out,  stained  in  ha?malum 
(p.  56)  and  mounted  in  balsam. 

Pigmrntpd  Fibroblasts. 

The  pigment  cells  are  fairly  large  structures  having  numerous  irregular, 
jagged  or  thready  processes.  Their  body  is  filled  with  minute  brown  pigment 
granules.  The  diflPerent  cells  are  connected  with  others  by  their  processes, 
thus  forming  a  widely  branching  pigment  net. 

Fig.  42. — Fat-Cells  from  the  Subcutaneous  Connective  Tissue 

of  the  Hedgehog 

650.     Biondi  solution. 

Fat-containing  fibroblasts  are  found  in  the  well-nourished  individual, 
wherever  connective  tissue  develops,  principally  in  the  subcutaneous  con- 
nective tissue.  To  obtain  good  specimens,  the  animal  should  not  be  too  fat, 
since  an  excess  of  fat  will  interfere  with  proper  examination.  The  omentum 
of  young  animals  or  the  subcutaneous  tissues  are  adaptable  and  should  be 
prepared  in  the  manner  described  on  p.  II,  46.  Still  better  results  are  obtainwl 
if  instead  of  the  saline  we  directly  inject  Biondi  solution  (p.  67)  with  our 
syringe.  After  ten  to  fifteen  minutes  flat  pieces  are  cut  from  the  plebs,  the 
excess  dye  is  washed  out  with  water,  acidulated  with  acetic  acid,  and  the 
specimens  are  mounted  in  levulose  or  balsam. 
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Fai'Cells. 

Even  with  low  power  the  fat-contalnlng  places  are  distinguished  by  their 
light-blue  color  in  a  red  background  of  connective  tissue.  The  more  or  less 
densely  distributed  fat-cells  are  of  varying  sizes,  and  by  continuous  storing 
up  of  fat  will  gradually  attain  a  considerable  size.  The  fat  is  deposited  in  the 
form  of  globules,  slightly  taking  on  the  basic  dye.  Between  the  fat-globules 
thin  septa  of  reddish  protoplasm  arc  seen,  which  latter  also  encloses  the  en- 
tire structure  as  a  thin  membrane.  The  smaller  drops  of  fat  become  con- 
fluent, to  form  larger  globules,  an  immense  drop  of  fat  gradually  filling  the 
entire  cell-body. 

The  nucleus  is  always  situated  close  to  the  cell-wall  and  appears  flattened 
by  the  steady  pressure  of  the  increasing  amount  of  fat.  It  may  even  push 
the  cell-wall  outward,  so  that  the  cell  will  assume  the  shape  of  a  signet-ring» 
after  dissolving  out  the  fat. 


PLATE  15 

Fig.  43. — Reticular  Connective  TiMue,  from  a  Ljrmph-Gland 

of  the  Cat 

Fig.  44. — ^Vesicular  Supporting  TiMue,  from  the  Sesamoid  Bone 

of  the  Tendo  Achillis  of  the  Frog 
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Fig.  43. — ^Reticular  Connective  TiMue,  from  a  Lympk-Gland 

of  the  Cat 

600.     %•     Formalin.     Frozen  section.     lodine-iodine-potassium.     Gold 

chloride. 

Another  distinct  form  of  connective  tissue  is  the  reticular  variety,  found 
in  wide  distribution  as  a  basic  substance  of  all  lymphoid  organs.  We  have 
selected  the  lymph-gland  of  the  cat,  e.g.,  a  lymph-gland  of  the  neck;  it  is 
fixed  in  10%  formalin  solution,  transferred  in  twenty- four  hours  into  6% 
formalin,  and  frozen  sections  are  made,  which  are  stained  after  the  iodine- 
iodine-potassium  (Gram*s)-gqld  chloride  method  (p.  73)  and  mounted  in 
levulose  or  balsam. 

Reticular  Connective    Tissue. 

We  look  for  a  place  in  our  specimen  where  the  specific  element  of  the 
lymph-gland,  the  lymph-cells,  are  present  in  small  numbers  only.  Such  places, 
which  can  be  made  out  with  low  power  by  their  lighter  color,  are  found  di- 
rectly under  the  surface,  but  also  in  the  centre  of  the  specimen,  the  medulla, 
so-called.  The  lymph-cells  may  also  be  removed  by  taking  some  sections  be- 
fore the  gilding  process,  placing  them  in  a  test-tube  with  a  little  water  and 
shaking  carefully. 

High  power  will  show  the  support  of  the  lymph-glands  to  consist  of  a 
network  or  reticulum  of  stellate  cells  having  numerous  processes.  Connective 
tissue  fibres  are  also  found  in  varying  amounts.  In  some  places  the  latter 
will  form  strong  bundles,  from  which  fibres  branch  off  in  more  or  less  acute 
angles  constantly,  until  the  entire  bundle  has  dissolved.  On  other  places  the 
fibres  are  but  very  minute  and  scarce.  Changing  our  focus  repeatedly  will 
convince  us  that  these  fibres  cross  through  the  cells  everywhere,  and  in  all 
probability  are  covered  by  the  protoplasmic  processes  of  those  cells. 

We  may  therefore  consider  reticular  tissue  as  a  pre-stage  of  loose  con- 
nective tissue,  which  is  derived  in  its  earlier  stages  of  development  from  a 
network  of  anastomosing  cells,  which  in  their  interior  manufacture  col- 
lagenous fibres.  Whereas  in  the  latter  variety  the  fibres  become  independent 
from  their  mother-cells  to  a  greater  or  lesser  degree,  they  always  remain  in 
intimate  relation  with  their  cells  in  reticular  connective  tissue. 

Fig.  44. — Vesicular  Supporting  Tissue,  from  the  Sesamoid  Bone 

of  the  Tendo  Achillis  of  the  Frog 

150.     %.     Formalin.'     Frozen  section.     Biondi  solution. 

In  conclusion,  we  will  mention  a  transitional  subvarietv  of  connective  tis- 
RW,  which  will  lead  lis  to  cartilage,  having  decided  physical  similarities  to 
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the  latter.  The  vesicular  supporting  tissue  ^  is  seldom  found  in  man,  more 
often  as  a  deposit  in  tendons  of  lower  vertebrates.  The  tendo  Achillis  of 
the  frog  will  serve  well  for  illustration.  Where  it  crosses  the  tarso-crural 
articulation  to  join  the  plantar  aponeurosis,  a  considerable  thickening  can 
be  noticed:  the  sesamoid  bone.  The  posterior  extremity  of  a  freshly  killed 
animal  is  skinned  and  amputated  at  the  thigh ;  we  place  the  specimen  in  10% 
formalin,  dissect  out  the  sesamoid  bone  with  a  piece  of  tendon  on  the  follow- 
ing day,  place  this  in  5%  formalin.  Longitudinal  sections  are  made  with  the 
freezing  microtome,  which  should  include  both  the  tendon  and  the  sesamoid 
body. 

Vesiculcir  Supporting    Tissue. 

Under  low  power  we  notice  how  the  tendon  fibres  turn  at  right  angles  at 
the  border  of  the  sesamoid,  the  bundles  dividing  and  dispersing  throughout 
the  latter.  Between  the  fibres  we  can  see  whole  nests  of  large  vesicular  cells, 
closely  aggregated.  Each  cell  is  surrounded  by  a  thin  capsule,  not  dis- 
cernible in  our  specimen,  which  is  instrumental  in  giving  the  tissue  its  sta- 
bility and  cartilaginous  consistency. 

'  Literal  translation. 


PLATE  16 

Fig.  45.— Costal  Cartilage  of  the  Cat 

Fig.  46. — Cartilage  Cells  from  the  Costal  Cartilage  of  a 

Young  Guinea*Pig 


3.   CARTILAGE 
Fig.  45. — Costal  Cartilage  of  the  Cat 

110.     Formalin.     Frozen  section.     Biondi  solution. 

A  good  representative  of  hyaline  cartilage  is  found  in  the  costal  cartilage 
of  any  fairly  young  mammal.  Small  pieces  are  fixed  in  10%  formalin,  trans- 
ferred on  the  following  day  to  5%  formalin,  and  the  frozen  sections  are  stained 
in  Biondi  solution  (p.  67). 

We  can  observe  macroscopically  that  the  bulk  of  the  section  has  taken 
up  the  basic  dye,  the  periphery  alone  appearing  red.  Viewed  under  low 
power,  the  latter  is  seen  to  consist  of  red  connective  tissue  fibres,  between 
which  cells  are  seen,  gradually  becoming  more  numerous  as  they  approach 
the  cartilage  proper.  This  membrane,  dividing  the  cartilage  from  the  sur- 
rounding connective  tissue,  has  received  the  name  of  perichondrium. 

Further  inuard  we  find  the  actual  cartilage;  the  b<i8ic  8ub9tanC€, 
staining  intensely  blue,  contains  the  ccurtUoge  ce//t.  The  latter  are  sit- 
uated in  hollows  of  the  former,  the  cartilage  tpacCM,^  which  often  contain 
more  than  one  cell.  The  cartilage  spaces  are  more  densely  distributed  in  the 
peripheral  strata  than  in  the  central.  They  are  more  elongated  in  the  for- 
mer, attempting  to  run  parallel  to  the  periphery  of  the  cartilage.  Toward 
the  centre  the  cartilage  spaces  become  more  irregular. 


Fig.  46. — Cartilage  Cells  from  the  Costal  Cartilage  of  a 

Young  Guinea-Pig 

600.     Chromic-osmic-acetic  acid.     Frozen  section.     Biondi  solution. 

We  will  now  proceed  to  study  the  two  main  elements  of  hyaline  cartilage 
on  separate  specimens.  Again  we  select  the  costal  cartilage  of  a  young  ani- 
mal, e.g.,  a  six  to  eight  weeks'  old  guinea-pig.  Small  particles  are  fixed  for 
two  to  three  days  in  chromic-osmic-acetic  acid  (p.  30),  washed  for  twenty- 
four  hours  in  running  water,  and  thin  frozen  sections  made  of  them,  which 
are  stained  in  Biondi  solution  (p.  67). 

Cartilage  Cells. 

Under  high  power  we  find  medium-sized  cells,  which  in  the  peripheral 
layers  are  mostly  single  (Fig.  46,  a),  whereas  in  the  central  portion  they  are 
in  groups  (Fig.  46,  6,).    In  well-fixed  specimens  they  should  occupy  the  entire 
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cartilage  space.     Their  shape*  vary,  being  strong;  influenced  in  the  central 
portions  b;  the  adjacent  cells,  with  which  they  share  one  space.     Wedge, 

sickle  and  triangular  sliapcs  are  coitimoii.     ^'t'^y  ott<;n  we  meet  two  cells  in 
one  space  with  their  flat  surfaces  pressed  together  in  biscuit  form. 

Each  cell  contains  a  largi?,  most);  round  nucleus  with  scanty  chromatin. 
Quite  often  hinuclear  cells  are  seen,  presenting  karyokinetic  changes,  thus 
showing  that  the  two  nuclei  have  originally'  been  one,  iind  that  here  the  cell 
division  follows  the  nuclear  changes  considerably  later.  In  the  upper  ri^t- 
band  comer  of  our  picture  we  see  two  cells  in  one  space,  one  of  them  contain- 
ing two  nadei,  the  other  attempting  to  become  binuclcar,  the  nucleus  undei^ 
going  mitosis  and  just  about  reaching  the  state  of  the  equatorial  plate. 

Olgeagen. 

Tbt  cell-body  is  formed  of  a  granolar  protoplasm,  which  in  many  cells 
ctntains  numerous  vacuoles.  Intra  vitam,  these'  vacuoles  contain  drops  of 
^ycogen,  which  has  not  been  preserved  by  our  method.  If  we  want  to 
dononstrate  it,  we  must  fix  small  particles  of  cartilage  in  absolute  alcohol 
and  examine  fine  razor  sections  with  a  drop  of  Grom't  solution  (p.  69).  The 
cells  will  then  show  a  mahogany  brown  granulation. 

Fat. 

Besides  f^ycogen  we  will  also  find  fat  in  cartilage  cells,  at  least  in  younger 
ianimals,  whereas  in  <dder  specimens  it  disappears.  In  our  section  it  has  been 
blackened  by  the  osmic  acid,  smaller  or  coarser  granules  being  seen  in  the 
cdls,  generally  clumped  together  in  small  masses.  It  is  probable  that  ^y- 
cogen  and  fat  represent  two  potent  factors  in  the  nourishment  of  the 
cartilage  cells. 

We  may  draw  attention  to  the  fact  that  in  many  spaces  one  cell-body 
will  stain  much  more  intensively  than  others;  evidently  the  protoplasm  in 
such  cells  has  been  rendered  more  dense. 

About  the  basic  substance  we  cannot  learn  much  from  this  specimen ;  it 
appears  evenly  stained  in  a  bluish  green  color.  The  circumference  of  each 
cartilage  space  seems  framed  in  a  zone  of  intensified  color. 


PLATE  17 

Fig.  47. — Hyaline  Cartilage  from  CalPs  Foot 

Fig.  48. — Longitudinal  Sectiqn  through  the  Ligamentum  Teres 

Femoris  of  the  Dog 

Fig.  49. — Section  through  the  Cartilage  of  a  Horse's  Ear 


Fig.  47. — Hyaline  Cartilage  from  CalPs  Foot 

600.     Alcohol-formalin.     Frozen   section.     Methylene  blue — picrofuchsin. 

To  study  the  basic  substance  of  hyaline  cartilage  we  fix  a  small  piece  of 
the  cartilage  of  a  fresh  calPs  foot  for  twenty-four  hours  in  alcohol-formalin 
(p.  84).  Thereafter  it  is  kept  for  an  equal  length  of  time  in  5%  formalin. 
Frozen  thin  sections  are  stained  for  ten  minutes  in  a  1%  solution  of  methyl- 
ene blue.  After  rinsing  them  thoroughly  in  water,  they  are  placed  in  picro- 
fuchsin (p.  66)  for  two  minutes,  rinsed  in  70%  alcohol,  dehydrated  in  abso- 
lute alcohol  and  after  xylol  mounted  in  balsam. 

The  Basic  Substance  of 

Hyaline  Cartilage. 

• 

.Under  low  power  the  greatest  part  of  the  section  appears  stained  red 
by  the  acid  dyQ,  being  divided  into  numerous  felTltoriet,  which  enclose  the 
cartilage  cells.  We  select  one  such  cell  territory  and  examine  it  under  high 
power.  In  its  interior  lie  the  cartilage  cells,  stained  yellow  by  the  picric  acid. 
Some  of  the  cells  have  retracted  from  the  wall  of  their  space,  probably  due 
to  the  shrinkinir  action  of  the  fixative.  Externally  the  colls  are  surrounded 
by  a  narrow  band  of  especially  deep  blue  basic  substance,  wliieh  also  pene- 
trates between  the  single  cells,  dividing  them  more  or  less  completely  from 
their  fellows.  This  band  is  spoken  of  as  cartilage  capsule;  it  may  be 
distinguished  even  in  the  fresh  cartilage  specimen  under  favorable  circum- 
stances from  the  remaining  basic  substance  by  its  stronger  refraction  of  the 
rays  of  light. 

More  externally  we  see  a  much  larger,  broader,  light  blue  court,  the 
inner  cell'CareolcL  This,  in  turn,  is  surrounded  by  a  still  broader,  bright 
red  zone,  the  outer  cell^areolam  The  two  areola*  may  also  be  recognized 
in  the  fresh  specimen,  if  circumstances  are  favorable,  since  their  refractive 
power  is  nmch  less  than  that  of  the  capsule,  but  on  the  other  hand  greater 
than  that  of  the  surrounding  basic  substance.  The  areoL-e  rarely  enclose  but 
one  cell:  the  rule  is  that  thev  surround  an  entire  territorv. 

The  remaining  basic  substance  surrounds  the  areola*  in  form  of  a  mesh- 
work,  which  has  taken  a  faint  blnisli  red  (tlie  hue  has  not  been  reproduced 
entirely  accurate).  It  has  been  named  tlie  framework  or  tlie  interterri^ 
torial  substance,  in  the  fresli  specimen  it  is  distingiiislied  by  the  least  re- 
fractive power,  separating  the  different  cell  territories  by  narrow,  sometimes 
verv  minute,  bands. 
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Fig.  48. — Longitudinal  Section  through  the  Ligamentum  Teres 

Femorb  of  the  Dog 

600.     Formalin.     Frozen  section.     Biondt  solution. 

Fibro-cartilage  is  not  found  in  very  many  parts  of  the  body  of  the  mam- 
mal. We  choose  the  ligamentum  teres  femoris  of  a  larger  mammal  or  of  man, 
which  is  easily  obtained  by  opening  the  capsule  of  the  hip-joint.  We  see  the 
short  band  running  from  the  head  of  the  femur  to  the  acetabulum.  In  cut* 
ting  it  we  include  on  both  ends  a  bit  of  the  articular  cartilage.  We  fix  in 
formalin,  make  longitudinal  sections  on  the  freezing  microtome,  and  stain  them 
with  Biondi  solution  (p.  67). 

Fihro-Cari  ilage. 

Under  low  power  the  band  appears  to  be  composed  of  parallel  fibrous 
connective  tissue.  Between  the  bundles  of  fibres  we  see  smaller  or  larger 
groups  of  cells,  successively  arranged  in  rows.  In  the  centre  of  the  band 
few  cells  are  seen,  two  or  three  in  a  group;  as  we  approach  the  articular 
cartilage  they  become  more  numerous,  finally  arranging  themselves  in  beams, 
80  that  one  connective  tissue  beam  alternates  with  one  cell-beam.  The  cells 
are  surrounded  by  cartilaginous  basic  substance,  which  becomes  more  pro- 
nounced as  it  approaches  the  articular  cartilage,  and  finally  merges  with  the 
latter.  In  the  centre  the  small  groups  of  cells  are  situated  in  little  islands, 
the  cells  being  surrounded  by  narrow  bands  of  cartilage.  The  connective 
tissue  bundles  decrease  in  width  toward  the  articular  cartilage  in  conformity 
with  the  increasing  cartilage  beams,  their  fibres  disengage  and  are  finally  lost 
in  the  basic  substance  of  the  articular  cartilage. 

Under  high  power  we  observe  that  the  cells  are  identical  with  those  of 
hyaline  cartilage.  Single  or  in  pairs,  they  are  resting  within  a  space,  the 
deep  greenish  blue  capsules  differing  distinctly  from  the  lighter  basic 
substance. 


Fig.  49. — Section  through  the  Cartilage  of  a  Horse's  Ear 

800.     Formalin.     Frozen  section.     Resorcin  fuchsin.     Biondi  solution. 

Elastic  cartilage  is  found  in  some  of  the  laryngeal  cartilages,  the  Eu- 
stachian tube  and  the  cartilage  of  the  external  ear.  The  ear  of  the  horse  is 
stripped  of  its  skin,  the  cartilage  cut  in  small  pieces  and  fixed  in  formalin. 
Very  thin  frozen  sections  are  placed  in  70%  alcohol  and  stained  after  a  few 
minutes  in  resorcin  fuchsin  (p.  68).  After  a  quarter  of  an  hour  they  are 
thoroughly  washed  in  95%  alcohol,  until  no  more  of  the  dye  is  extracted,  and 
stained  in  Biondi  solution  (p.  67). 

Elastic  Cartilage. 

Low  power  will  reveal  a  network  of  blue  black  elastic  fibres,  crossing  the 
light  blue  basic  substance.     In  the  central  part  the  fibres  are  thickest,  be- 
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coming  thinner  toward  the  periphery,  until,  at  the  outermost  part,  they  ar- 
range themselves  in  a  band  of  fibrils,  running  parallel  to  the  surface  of  the 
cartilage. 

The  cartilage  cells  are  placed,  singly  or  in  pairs,  throughout  the  meshes 
of  the  network,  surrounded  by  a  distinct  capsule  of  basic  substance. 

The  fibres  in  the  ear  of  the  horse  ftre  much  thicker  than  those  in  man. 
They  become  thinner  by  giving  off  side  branches,  which  anastomose  with 
neighboring  branches,  forming  a  network. 


PLATE  18 
Fig.  50. — Polished  Crott-Section  through  the  Human  Humerus 


Preparali 
CioM-Secl\ 

Bony  structures  arc  studied  in  two  different  ways.  We  may  examine  the 
macerated  bone,  i.e.,  that  deprived  of  its  soft  part^,  or,  secondly,  fixed  bone, 
i.e.,  containing  the  soft  parts.  In  order  to  prepare  useful  microscopic  speci' 
mens  of  a  macerated  largo  bone,  e.g.,  tlie  human  humerus,  we  make  sections 
of  about  1  mm  in  thickness  with  a  fret-saw,  selecting  the  dinphesis  of  the 
hone  and  making  cuts  both  diagonal  iind  parallel  to  the  axis.  The  sawed  sec- 
tions are,  of  course,  much  too  thick  and  niust  be  made  as  thin  as  paper  to 
lie  useful  under  the  microscope.  The  thinning  may  be  accomplished  in  va- 
rious ways,  the  quickest  and  most  perfect  being  filing.  Files  of  different 
grain  aro  used,  such  as  the  watchmaker  employs;  they  can  be  purchased  in 
any  wtttchraaker's  supply  store.  Three,  or  at  lea-st  two,  sizes  should  be  used. 
A  coarse  {No.  I  or '2),  a  medium  (No.  8  or  4)  and  a  fine  (No.  5  or  6).  The 
medium  size  may  1k'  omitted.  Nus.  .5  and  6  are  rasped  on  one  side  only,  the 
other  being  smooth  and  serving  to  polish. 

The  sawed  cut  is  taken  on  the  tip  nf  a  fingvr  and  rubbed  on  the  me- 
dium or  fine  file  until  it  is  perfectly  smooth,  the  surface  showing  no  more 
serrations  under  a  low  mngiiificatJon.  This  smooth  surface  is  polished  with 
the  smooth  surface  of  the  file.  The  section  Is  now  placed  on  a  warmed  slide, 
covered  with  a  thin  layer  of  cover-glass  cement  (p.  77),  the  polished  surface 
being  downward  against  the  slide:  in  a  few  minutes  the  cut  can  be  filed  down 
to  the  thinness  of  paper.  Care  must  Iw  taken  that  the  section  is  filed  evenly, 
not  thicker  on  one  side  than  on  the  other.  Furthermore,  it  must  not  Iw  made 
too  thin,  as  it  will  easily  break.  It  is  therefore  a  good  plan  to  control  your 
work  under  the  microscope  from  time  to  time.  As  soon  as  it  is  transparent 
enough  to  give  a  distinct  view  of  the  lamella-  and  the  bone  canals  with  their 
branches,  the  filing  should  he  discontinueil,  the  surface  polishiNJ  well  and  thv 
slide  placed  in  a  staining  glass  containing  xylol.  If  covered  and  placed  in 
the  paraffin-oven,  the  section  will  detach  itself  in  the  course  of  half  an  hour. 
The  specimen  is  now  placed  in  a  vessel  of  absolute  alcohol  and  cleansed  by 
rubbing  between  fingers  moistened  with  alcohol.  As  soon  as  the  alcuhol  has 
evaporated,  we  place  the  section  on  a  slide  and  cover  it  with  a  cover-glass, 
using  cement  to  attach  the  latter.  During  the  cementing  a  lead  weight  (bul- 
let) should  be  placed  on  top  of  the  cover-glass  to  prevent  curling  and  twist- 
ing of  the  section. 
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Eavtnttm  CvtaU. 

Tig.  SO  ■bom  a  mull  part  of  meh  ■  wetion,  •  place  near  the  marrov 
canal  (»).  We  notice  immediatdy  nomennu  obliquely  cut  cHmUs.  appearing 
Uack  from  the  air  contained  within,  the  ffooanUDi  canals.  Their  lumen 
ii  either  round  or  oval,  on  lome  places  drawn  out  like  a  handlL';  tho  latter  U 
the  case  at  the  points  of  branching,  which  almost  always  takes  place  at  an 
acute  an^,  as  we  will  learn  fnna  tlie  Icmgitudinal  sectum.  On  one  plot 
can  see  one  snch  canal  disemboguing  into  the  marrow^space. 

Lam^lar  Btrueture  «/  fiAM.' 

The  bone  substance  is  ajranged  coocentrically  around  tliese  canalN  in  n 
■yitem  of  lamellK,  forming  the  Haotnian  Upimlom  or  apectal  lamellae 
(M).  ^ley  may  be  extensire  or  Tery  .thin,  adjacent  or  st^parated  by  inter- 
spaces, which  in  turn  are  filled  with  bone  nibstanoe,  arranged  in  lamdlie. 
This  second  system  of  l»in»n»  docs  not  show  any  typici.1  course.  On  vari- 
ous places  the  lamdlc  xun  in  diJFerent  directions.  They  are  spoken  of  as 
nmttam  («eU).  On  the  inner  surface  of  the  hone,  toward  the 
r  canal,  as  well  as  on  the  outer,  toward  the  periosteum,  we  find  a  third 
system  of  lamella,  running  parallel  to  tiw  inner  and  outer  surfaces  of  tlit^ 
bone,  which  are  called  the  inner  and  outer  bone  or  fWMra/  lamellae  (pO- 


Aside  frmn  the  lamellar  systems  the  characteristic  appearance  of  the  sec- 
tion is  doe  to  the  presence  of  small  spaces,  the  canalieuli,  which  arc  also  ar- 
ranged in  a  distinct  order.  They  are  elongated  canals,  black  as  the  Ha- 
versian, but  much  smaller,  which  send  numerous  fine  branches  into  the  bone 
substance,  which  anastomose  among  themsfelTes.  They  lie  within  the  lamdlc, 
show  the  same  order  of  arrangement  as  the  latter  and  are  partly  instrumental 
in  giving  the  bony  structure  its  characteristic  lamellar  appearance,  which 
becomes  evident  even  under  low  power. 


PLATE  19 

Fig.  51. — Longitudinal  Polished  Section  through  the  Human 

Humerus 


Fig.  51. — Longitudinal  Polbhed  Section  through  the  Human 

Humerus 

60.    %. 

A  longitudinal  secticm  is  prepared  in  the  same  manner  as  the  preceding 
crosfl-secticm.  The  Haoetsian  canals  (AAr)  appear  as  long  black  chan- 
nels. They  branch  at  an  acute  angle,  thus  connecting  neighboring  canals, 
giving  the  longitudinal  section  the  appearance  of  a  network  of  canals,  the 
meshes  running  longitudinally.  In  the  same  way,  as  we  have  seen  the  canals 
conmiunicating  with  the  interior  surface  of  the  bone,  we  find  it  in  communica- 
ticm  with  the  outer  surface.  In  our  macerated  specimen  the  canals  are 
empty  or  rather  filled  with  air;  in  living  bone,  as  we  will  see  later,  they  are 
occupied  by  blood-vessels,  conveying  nourishment  and  oxygen  to  the  bone- 
substance,  the  vessels  entering  the  canals  from  the  outer  as  well  as  inner  side 
of  the  bone.  The  Haversian  canals  thus  are  important  factors  in  the  nu- 
trition of  compact  bone.  Spongy  bone,  with  its  paper-thin  leaves  and  plates, 
has  no  such  canals,  because  they  are  not  essential  for  its  nourishment. 

The  longitudinal  section  likewise  shows  the  laniollar  structure  of  bone 
distinctly.  The  canaliculi  run  parallel  to  the  Haversian  canals  in  the  special 
lamellae,  therefore  in  longitudinal  rows,  alternating  in  the  different  lamella?. 
Between  the  special  lamellae  we  can  plainly  observe  the  interstitial  lamellae, 
distinguishable  by  their  irregular  arrangement  of  canaliculi. 


PLATE  20 


Fig.  52. — PolUhed  Cross-Section  through  the  Human  Humerus 


Fig.  52. — Polished  CroM-Section  througb  the  Human  Humerus 

300.     -^4.     Silver  nitrate. 

We  will  endeavor  to  have  a  closer  view  of  the  bon^  substance  on  another 
specimen.  A  cross-section  Is  made,  in  the  same  manner  as  described  before, 
of  the  humerus,  transferred  from  the  absolute  alcohol  to  water,  wherein  it  is 
washed  thoroughly.  We  now  place  the  section  in  a  small  amount  of  a  0.75^c 
solution  of  silver  nitrate.  After  twentr-four  hours  the  cut  will  present  a  de- 
cided brown  color.  It  is  washed  well  in  water  and  both  sides  are  polished 
carefully  on  a  glass  plate,  in  order  to  remove  the  irregular  deposits  of  silver, 
which  form  on  the  surface.  After  dehydration  in  alcohcj,  the  section  is  put 
through  xylol  ard  mounted  in  balsam.  Such  specimens,  while  lacking  in  some 
details,  always  bring  out  the  system  of  lamellae  exceedingly  clear.  The  Ha- 
versian canals  appear  filled  with  deposits  and  enclosing  them  we  see  the 
Haversian  or  special  lamella,  arranged  so  that  one  dark  brown  alternates  with 
one  of  a  lighter  brown  color. 

Cfmenl  Huhtttancp  Between 
the  SyfffemH  of  JjameWp, 

The  edge  of  thtr  entire  system  is  sharply  defined  by  a  curved  line  against 
the  neighlKiring  interstitial  lamella*.  Between  the  two  systems  we  find  cement 
subst/mcc,  which  is  easily  recognized  by  it?>  dark  brown  color. 

If  we  examine  the  diflfcrent  lamella*  under  hi^h  power,  wr  will  notice  a 
faint,  dense,  longitudinal  striation  in  the  dark  brown  lamella*.  This  explains 
the  coinposition  of  Ww  himdla,  Ix'in^  made  up  of  numerous  collai^tnous 
fibrils,  which  run  circular  in  th<-s«'  lannlL-e.  In  the  li^liter  lamella*  fine  dots 
are  visible.  H«re  the  fibrils  have  been  bisected,  provini^  th<'ir  longitudinal 
course  in  tin*  bone,  parall(*l  to  th(*  Haversian  canals. 

(^oUfUfcn ouH   Fibrils 

of    ihr    lidHic    Suhfifanrc. 

Kvidently  not  so  many  fibrils  are  impregnated  in  the  latter  case,  as  there 
are  in  the  d/irker  l)rown,  circularly  fibrillated  lamella*.  In  certain  lainelLT  no 
impregnation  has  taken  place.  We  also  note  that  the  lamella-  containing 
circular  fibrils  are  often  thiruier  than  those  fibrillated  longitudinally. 

The  canali(!uli  and  their  branches  here  and  there  a})pe.'ir  well  filled  with 
silver  salts;  however,  the  impregnation  is  not  thorough  enough  to  allow  of  a 
detailed  study.  Only  in  the  most  favorable  placus  can  we  observe  that  tlu 
branches  of  those  canaliculi,  situated  in  the  innermost  lamella*,  empty  directly 
into  the  Haversian  canals. 


PLATE  21 

Figs.  53  and  54. — Canaliculi  from  Longitudinal  and  Transverse 

Filed  Sections  of  the  Human  Radius 

Fig.  55. — ^Transverse  Polished  Sections  through  the  Human 

Humerus 

Fig.  56. — Haversian  System  of  Lamellae  from  a  Transverse 

Section  through  the  Femur  of  the  Cat 


Figs.  53  and  54. — Canaliculi  from  Longitudinal  and  Transverse 

Filed  Sections  of  the  Human  Radius 

650.     Impregnation  with  acid  fuchsin. 

The  most  elegant  and  convincing  specimens,  showing  the  form  of  the 
canaliculi  and  the  course  of  their  branches,  are  without  doubt  those  in  which 
these  spaces  have  been  filled  with  a  dye.  This  can  be  accomplished  in  the 
following  manner.  A  well-macerated  bone,  e.g.,  a  long  bone,  is  prepared  in 
the  same  way  as  described  previously;  the  sections,  however,  must  not  be 
made  too  thin,  the  filing  being  discontinued  when  they  begin  to  become  trans- 
parent. They  are  detached  as  aforesaid,  cleansed  in  alcohol,  dried  and 
placed  in  a  vessel  containing  20  cm^  of  a  20%  solution  of  acid  fuchsin.  The 
container  is  placed  on  the  screen  of  a  calcium-chloride-exsiccator,  which 
should  be  provided  with  tubule  and  stopcock,  such  as  used  in  chemical  labora- 
tories. The  apparatus  is  connected  with  a  water-pump  and  evacuation  is 
continued  for  thirty  minutes  to  one  hour.  The  cock  is  then  closed.  After 
forty-eight  hours  all  water  will  have  evaporated  from  the  vessel,  the  sections 
being  covered  with  a  thick  crust  of  dry  dye.  They  are  carefully  removed 
from  the  bottom  of  tlie  dish,  the  crust  is  removed  with  a  medium  file  on 
both  sides  and  tlie  section  filed  down  with  a  fine  file.  For  this  purpose  it 
must  a^ain  be  mounted  on  a  slide  with  cement;  a  control  should  be  fre- 
quently made  under  the  microscope.  After  detaching  it  with  warm  xylol, 
the  section  should  be  mounted  in  Canada  balsam. 

Canaliculi. 

In  such  sections  the  channels,  having  been  filled  with  dyestuffs  by  the 
evacuation  process,  are  brought  out  wonderfully  well.  In  Figs.  58  and  54 
some  such  canaliculi  from  both  longitudinal  and  cross-sections  are  re])re- 
sented.  Combining  both  pictures  we  find  that  the  canaliculi  are  elongated 
and  irregular  and  hav^>  hut  a  small  calibre.  They  nre  generally  much  longer 
than  broad  or  thick,  their  longest  diameter  being  {)arallel  to  the  Haversian 
canals. 

The  canaliculi  send  out  numerous  branch-channels,  whicli  not  onlv 
anastomose  among  themselves,  but  often  traverse  the  lanielhe  for  a  long  dis- 
tance, to  finally  communicate  with  a  remote  canaliculus.  In  ]'ig.  54  the 
mouths  of  the  branch-channels  in  the  canaliculi  appear  as  thick  dark  red 
dots. 

By  their  communication  interiorly  with  the  Haversian  canals  and  the 
marrow  canal  and  exteriorly  with  the  periosteum,  the  canaliculi  form  a  sys- 
tem of  channels,  which  traverse  the  entire  bone  and  are  of  the  utmost  im- 
portance for  its  nutrition. 
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Fig.  SS. — ^TransYerse  Polished  Sections  through  the  Human 

Humerus 

600.     %•     Gramas  solution — gold  chloride. 

Gilded  sections  will  reveal  further  structural  details  of  bone.  The  prep- 
aration is  the  same  as  in  Fig.  52,  excepting  that  we  use  the  iodine-iodine- 
potassium-gold  chloride  method  (p.  78)  instead  of  the  silver  nitrate.  After 
gilding,  the  specimens  are  again  carefully  filed  on  a  glass  plate,  since  fre- 
quently, especially  when  the  section  has  not  been  polished  well,  deposits  of 
gold  will  form  on  the  coarse  surface.  After  dehydration  the  specimens  can 
be  mounted  in  balsam. 

Bounding  Tubules. 

Our  specimen  gives  a  most  excellent  coloring  of  the  canaliculi  and  their 
branches,  and  we  notice  furthermore  that  both  appear  surrounded  by  a  vio- 
let membrane.  Such  membranes  have  been  called  bounding  tuboleM,  and 
may  be  compared  with  cartilage  capsules.  I-.ike  the  latter,  they  are  modified, 
non-fibrillated  basic  substance,  which  mav  be  isolated  with  acids.  The 
course  of  the  canaliculi  being  tortuous,  our  section  shows  the  bounding 
tubules  only  for  a  short  distance  at  a  time,  so  that  the  canaliculi  appear  light 
and  hollow,  alternating  with  dark  and  solid.  A  very  pretty  illustration  is 
given  in  these  gilded  sections  of  the  disemlK)guement  of  the  canaliculi  into 
the  Haversian  canal. 


Fig.  56. — Haversian  System  of  Lamellae  from  a  Transverse 

Section  through  the  Femur  of  the  Cat 

900.     %.     Chromic-osmic-acetic  acid.     Frozen  section.     BiondVs  solution. 

In  order  to  make  cutting  sections  of  bone,  the  calcium  salts  must  be  re- 
moved, i.e.,  the  bone  must  be  decalcified.  On  the  well-fixed  specimen  decal- 
cification may  take  place  in  the  manner  described  on  p.  48.  Or  (in  smaller 
objects  only)  the  lime  may  be  extracted  by  the  process  of  fixation  alone. 
The  best  solution  for  this  purpose  is  the  combination  of  chromic-,  osmic-  and 
acetic  acid  (p.  30).  Used  for  small  objects,  its  decalcifying  action  is  very 
consen'ative.  The  thigh  of  a  young  cat  is  stripped  of  muscle  and  the  femur 
sawed  in  two  at  about  the  centre  witli  a  fret-saw.  Sections  of  1—2  mm 
thickness  are  made  witli  the  saw  and  placed  in  25  cm'  of  chromic-osmic- 
acetic  acid.  The  solution  is  renewed  the  following  day  and  on  the  fourth 
day  the  sections  are  washed  in  running  water.  If  the  fixing  solution  has 
been  shaken  frequently,  the  decalcification  will  have  taken  place  on  the  sur- 
face to  such  an  extent  that  a  large  amount  of  sections  can  be  made  at  this 
juncture.  From  the  water  the  specimens  are  directly  placed  on  the  freezing 
microtome.  Sections  should  be  made  as  thin  as  possible  and  be  stained  in 
BiandVi  solution 


84 

All  soft  parts  will  be  preserved  by  this  preparation.  The  Haversian 
canals  appear  filled  completely  with  blood-vessels  and  small  amounts  of  con- 
nective tissue.  The  Haversian  systems  of  lamellas  are  very  distinct  and  the 
light  blue  cement  lines  are  quite  prominent. 

Bone  Cells. 

Our  picture  shows  a  single  lamellar  system.  In  the  canaliculi  we  can  im- 
mediately distinguish  the  green  nuclei  of  the  bone  corpuscles.  The  cell-body 
is  harder  to  recognize,  but  by  using  the  immersion-lens  and  with  a  good  light 
we  are  able  to  make  out  a  small  red  protoplasma-body  around  the  nucleus, 
distinct  processes  radiating  toward  the  branch-canals.  We  must  grant  that 
the  processes  are  never  as  numerous  as  these  canals  and  cannot  be  traced 
very  far  into  the  latter,  but  we  may  safely  assume  that  ifUra  vitam  they  are 
more  numerous  and  their  course  more  protracted* 


PLATE  22 

Fig.  57. — Smooth  Mutcle  Fibres  from  the  Urinary  Bladder 

of  the  Frog 

Fig.  58.— ^Smooth  Mutcle  Fibres  from  the  Urinary  Bladder 

of  the  Frog 
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5.    MUSCLE 

Fig.  57. — Smooth^  Muscle  Fibres  from  the  Urinary  Bladder 

of  the  Frog 

800.     %.     Surface  specimen.     Hsmalum. 

An  excellent  object  for  the  study  of  smooth  muscle  is  the  urinary  bladder 
of  the  frog.  The  abdomen  of  the  decapitated  animal  is  opened,  the  bladder 
excised  and  placed  on  a  wax  plate.  The  viscus  is  split  longitudinally  and 
the  bladder  wall,  slightly  stretched,  is  spread  over  and  fastened  on  the  plate 
with  bristles.  Using  a  pointed  scalpel,  we  cut  a  window  in  the  plate  from 
below,  taking  care  not  to  injure  our  specimen.  In  this  fashion  we  have  ob- 
tained an  entirely  transparent  specimen,  on  which  we  can  observe  a  network 
of  strands,  composed  of  muscle  fibres.  We  can  make  our  slide  still  more 
demonstrative  by  rinsing  the  specimens  in  haemalum  (p.  56)  for  from  ten  to 
fifteen  minutes,  washing  in  water  and  mounting  small  pieces  in  levulose,  the 
external  bladder  surface  being  uppermost. 

Smooth  Muscle/ 

The  bladder  muscles  are  arranged  in  light  blue  strands,  mingling  in  the 
form  of  a  net  and  leaving  meshes  free  from  muscle.  The  width  of  the  strands 
differs  widely.  Low  power  shows  long,  rollerlike,  large  nuclei,  the  ends  of 
which  are  often  pointed,  lying  in  rows.  According  to  the  thickness  of  the 
muscle  strand  two  or  more  rows  are  seen  side  by  side. 

Sarcoplasm. 

Looking  at  our  specimen  with  high  power,  we  see  that  each  strand  is 
made  up  of  cells,  arranged  side  by  side  and  one  behind  another.  The  differ- 
ent cells  can  be  distinctly  seen,  being  separated  by  lines  of  a  lighter  color. 
The  cell-body  is  spindle-shaped,  ending  at  either  side  in  a  pointed  extremity. 
It  stains  evenly  blue.  Only  on  the  periphery  of  the  cell  and  in  its  centre 
we  find  deep  blue,  small  granules.  Those  in  the  centre  are  in  relation  with 
the  ends  of  the  nucleus,  becoming  scarcer  as  they  leave  the  nucleus,  thus  ap- 
pearing much  like  a  continuation  of  the  latter.  The  nucleus  thus  appears 
much  more  pointed  than  it  really  is.  This  granular  substance,  the  remaindor 
of  the  former  coll  protoplasm,  has  been  called  the  sarcop/osill.  It  takes  up 
the  ha*nialum  eagerly.  Tlic  entire  remaining  portion  of  the  cell-body,  stain- 
ing in  an  even  blue,  is  filled  with  the  contractile  substance.  Sarcoplasm  in 
the  smooth  nmscle  is  thus  found  in  the  axis  of  the  cell,  and  secondly  closely 
under  the  cell  surface. 


'  Unstriated. 
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Fig.  58. — Smooth  Muscle  Fibres  from  the  Urinary  Bladder 

of  the  Frog 

300.     Surface  specimen.     Silver  nitrate.     Ha^malum. 

To  study  the  outlines  and  arrangement  of  smooth  muscle  cells  in  detail, 
we  prepare  a  second  specimen  in  the  same  manner  as  before,  but  place  it  first 
in  a  1%  solution  of  silver  nitrate  for  five  minutes.  The  bladder  is  spread  on 
the  glass  plate,  its  interior  surface  upward,  and,  using  a  damp  camelVhair 
brush,  we  carefully  remove  the  epithelium.  The  specimen  is  again  placed  in 
the  silver  solution,  this  time  for  thirty  minutes,  washed  thoroughly  in  water 
and  exposed  to  the  light.  On  the  following  day  we  stain  with  hasmalum 
(p.  56)  and  mount  in  levulose  or  balsam. 

Cement  Substance  of  the 
Smooth  Muscle  Cells. 

The  muscular  bundles  appear  light  yellow  and  slightly  shrunken,  due  to 
the  action  of  the  silver  nitrate.  Fine,  deep  brown  to  black  lines  are  seen  sep- 
arating the  various  cells.  They  are  due  to  a  deposit  of  silver  in  the  inter- 
cellular substance,  which  during  life  connects  the  cells,  and,  of  course,  give 
us  a  clear  outline  of  the  cell-body.  The  cells  are  cemented  so  tightly  that 
they  cannot  be  separated  by  mechanical  force;  however,  the  intercellular  sub- 
stance may  be  dissolved  by  chemical  agents,  e.g.,  82.5%  potassium  hydroxide, 
and  the  cells  isolated  thereby. 


PLATE  23 

Fig.  59. — Smooth  Muscle  Fibres  from  the  Urinary  Bladder 

of  the  Frog 

Fig.  60. — Transverse  Section  through  the  Muscular  Coat  of  the 

Duodenum  of  a 


Fig.  Sa— Smootli  Muscle  Fibres  from  die  Urinary  Bladdor 

of  die  Frog 

1250.     Surface  specimen.     Acetic  acid  vapors.     SuUimate.     Iron-almii- 

haematoxTlin. 

If  we  desire  to  demonstrate  the  contractile  substance  in  our  specimen, 
i.e.,  stain  it,  we  must  take  the  following  measures.  The  wax  plate  with  the 
bladder  spread  as  before  is  placed  over  a  vessel  containing  acetic  acid.  After 
five  minutes  the  bladder  epithelium  can  be  completely  removed,  and  the  speci- 
men placed  for  one  hour  into  2.5/^  sublimate,  washed  in  running  water  untfl 
the  next  dav  and  stained  with  iron-alum-luematoxvlin  (p.  57).  Dnrinfl:  all 
this  time  the  specimen  remains  on  the  wax  plate,  into  which  a  window  ha4 
been  cut  after  the  reduction.  The  reduction  must  be  watched  under  the 
microscope.  Not  until  it  has  been  in  95%  alcohol  is  the  specimen  detached 
from  the  plate. 

Contractile  Fihrt*  of  the 
Smooth  Muscle  C^IU. 

In  favorable  places  we  can  recognize  a  distinct  longitudinal  striation. 
The  entire  cell -body  is  filled  with  very  delicate  longitudinal  fibrfls.  Sarco- 
l^asm  cannot  be  seen.  The  nucleus  frequently  shows  a  very  pretty  chroma- 
tin structure.     In  our  picture  the  left  end  of  both  cells  has  been  cut  off. 


Fig.  60. — ^TrmnsTerse  Section  through  the  Mnscnlar  Coat  of  die 

Duodenum  of  a  Child 

600.     Formalin.     Biondi  solution. 

The  fresh  gut  is  op^rnc-d  and  mounted  immediately  on  a  wax  plate  with 
needles,  mucous  surface  upward.  The  mucosa  is  removed  by  carefully  scrap- 
ing with  a  scalpel.  The  «»pecimen  is  placed  in  10%  formalin  for  twenty-four 
hours  and  an  equal  length  of  time  in  a  5%  solution  of  the  same.  Sections  of 
2—3  mm  thickness  are  made  with  the  razor,  placed  upon  the  freezing  micro- 
tome on  their  cut  surfaces  and  divided  into  thin  sections.  They  are  stained 
either  in  Biomdi  solution  (p.  67)  or  with  the  iron-alum-hcmatoxvlin  method 
(p.  57). 

Smooth  Muscle  Cells  in 
Longituditud  and 
Craas-Secfwti. 

"Pig.  60  shows  a  part  of  ••uch  a  section.     From  without  inward  we  have 

first  one  sillgk  laver  of  cc-lN,  the-  w^To^a  or  serous  coat,  which  i»«  Mrparated  by 
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eomieetm  tisme,  tlie  suIiMroMi  (it),  from  the  longitiidiiial  museiilAr  lajer 
of  the  mtettiiie  {mq).  Hie  mnede  flbres  eamfomg  the  latter  mre^  of  coiine, 
cot  tnuisvendy  and  appear  as  mail  cirdke,  fflkd  with  ddJcate  hnfjbk  red 
dotty  the  flbrils.  Only  mm  and  thai  we  tee  among  the  finrib  the  erooe-oee* 
tion  of  a  wideqot  dqe  to  the  imall  mm  of  the  mtdeu  as  eogqiarQd  with  the 
length  of  the  cdL  Graqps  of  cdb  are  cnclootd  in  eonnectite  tiasue,  fonaing 
bondieo. 

Goiog  futher  inward  we  come  to  a  lajer  of  km  interest  at  this  time, 
containing  nerre-fflnes  and  nerve-odDs  (onfil),  and  tbm  strike  the  drenlar 
lajer  of  mosde  («!)»  where  the  cdb  ha^e  been  cot  longitiidindly.  Here* 
too^  the  fflbrib  may  be  recognised  as  ine  longitiidinsl  striations,  but  are  not 
so  distinct  by  Isr  as  those  seen  on  traasiene  section.  Betweoi  the  nmsdo- 
mnes  we  can  often  obserfo  connffcliw  tmur  mirfs« 


N   • 


PLATE  24 

Fig.  61. — ^Transverse  Section  through  a  Muscle  Fibre  of  the 

Gastrocnemius  of  the  Cat 


Fig.  62. — ^Transverse  Section  through  a  Muscle  Fibre  of  the 

Gastrocnemius  of  the  Cat 


Fig.  61. — ^Transverse  Section  through  a  Muscle  Fibre  of  the 

Gastrocnemius  of  the  Cat 

Fresh  chop-method.     800. 

We  will  begin  the  study  of  transversely  striped  (striated,  voluntary) 
muscle  by  preparing  a  specimen  of  fresh  muscle.  Ordinarily  small  pieces  of 
muscle  are  macerated  with  needles,  and  an  indifferent  liquid  is  added.  Much 
more  conservative  and  better  for  demonstration  are  those  specimens  pre- 
pared by  the  chop-method,  since  besides  the  longitudinal  it  also  furnishes 
cross-sections.  The  gastrocnemius  muscle  of  a  freshly  killed  cat  is  cut  into 
small  particles  parallel  to  the  direction  of  fibres.  One  piece  is  placed  on  a 
slide  and  chopped  thoroughly  with  a  razor  transversely  to  the  direction 
of  fibres ;  the  cover-glass  is  adjusted  and  under  light  pressure  it  is  sealed  with 
a  border  of  lac  to  prevent  evaporation.  In  order  to  avoid  drying  of  the 
specimen,  the  entire  procedure  must  occupy  but  little  time;  cover-glass  and 
slide  must  have  been  previously  cleansed. 

Longitudinal  View  of 
Striated  Muscle. 

Under  low  power  our  specimen  will  show  us  numerous  thicker  or  thinner 
fibres,  cut  short  by  the  chopping  process  and  all  showing  a  distinct  trans- 
verse striation.  The  fibres  are  framed  in  a  smooth,  sometimes  baggy,  border, 
and  on  their  surface  wo  see,  running  transversely,  closely  approximated  trans- 
verse striations,  low  power  giving  the  appearance  as  if  light  and  dark  stripes 
of  equal  thicknesses  were  alternating.  High  power  teaches  us  that  the  ar- 
rangement of  these  striations  is  more  complicated  and  that  the  stri.T  are  of 
unequal  width.  Their  order  of  arrangement  will  be  studied  later  on  the 
stained  specimen.  A  longitudinal  striation  can  barely  be  recognized  in  our 
section. 

Striated  MitscJe  Fibres  in 
Cross-Sect  iott. 

Aside  from  the  longitudinal  view  we  have  many  cross-sections  (Fig.  61). 
A  fibre  in  cross-section  appears  more  or  less  circular.  It  also  has  a  sharply 
defined  border  and  in  its  interior  we  can  observe,  even  with  medium  ])()wer, 
granules,  more  abundant  in  some  fibres  tlian  in  otliers.  'J'he  immersion-lens 
will  furthermore  re^eal  a  delicate  network.  The  entire  cross-section  is  filKd 
with  a  network  of  polygonal  meshes.  '^I'lie  threads  merge  into  tlie  border  of  the 
fibre.  The  substance  of  the  fibre  is  thus  divided  into  a  large  number  of 
polygonal  fields,  wliich  have  been  named  after  thiir  discoverer  Cohnheint's 
fields.     The  network  separating  the  various  fields  is  the  sarcoplasm.     11^^' 
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latter  thus  forms  a  system  of  thin  anastomosing  walls,  which  throughout  the 
muscle  fibre  enclose  prismatic  spaces,  filled  with  the  contractile  substance  in 
form  of  Icmg  tri-  to  hcxahedral  columns,  the  mosde  ColumnM.^  The  bor- 
der surrounding  the  fibre  is  the  scarcolemnWL  f  it  is  continuous  with  the 
sarcoplasm,  appearing  like  a  layer  of  sarcoplasm  surrounding  the  fibre  ex- 
ternally. The  entire  cross-section  of  the  muscle  fibre  reminds  us  of  the  first 
specimens  of  axolotl-liver  (p.  II,  6),  with  the  exception  that  here  the  network 
is  much  more  regular. 

Interstitial  Granules. 

This  comparison  becomes  still  more  striking,  if  we  make  a  close  inspec- 
tion of  the  granules  mentioned  previously.  Under  the  immersion-lens  they  do 
not  appear  round,  but  irregular,  always  situated  at  the  crossing  points  of 
the  network;  they  are  also  found  on  the  inner  aspect  of  the  sarcolemma,  so 
that  the  beams  of  sarcoplasm  seem  to  arise  from  the  thickened  points  of  the 
sarcolemma.     They  have  received  the  name  of  inteTstiHal  gmnuleB. 


Fig.  62. — Transverse  Section  through  a  Muscle  Fibre  of  the 

Gastrocnemius  of  the  Cat 

Fresh  chop-specimen.     800.    Water. 

A  second  specimen  is  prepared  in  the  identical  manner  as  before,  but  the 
lac  border  is  not  drawn  around  the  entire  cover-glass,  the  four  corners  only 
being  fastened  with  lac.  A  similar  field  as  the  preceding  is  searched  for,  and 
water  is  added  to  the  specimen  at  the  edge  of  the  cover-glass  with  a  pipette, 
until  the  entire  space  between  cover-glass  and  slide  is  filled. 

Fat  in  the  Muscle  Fibre. 

Interesting  changes  take  place  now.  First  the  entire  design  vanishes  from 
the  field,  due  to  swelling  of  the  sarcoplasm.  Then  the  interstitial  granules 
swell,  become  indistinct,  shadowlike,  and  within  them  a  smaller  or  larger  drop 
appears,  which,  by  its  great  refraction,  we  recognize  as  a  fat  drop. 

If  the  action  of  the  water  is  continued,  the  substance  in  CohnheinCs  fields 
will  be  destroyed,  and  finally  nothing  but  an  empt}'^  ring  of  sarcolemma  is 
left.  This  phenomenon  goes  to  prove  that,  although  the  sarcolemma  is  orig- 
inally nothing  but  sarcoplasm,  it  has  acquired  greater  resistance  toward  ex- 
trinsic agents  than  the  latter.  We  may  consider  it  as  a  modified  form  of 
sarcoplasm,  to  be  compared  with  the  ectoplasm  of  some  cells. 

If  we  now  extract  the  water  with  a  strip  of  tissue  paper  and  substitute  a 
drop  of  2%  osmic  acid,  we  can  observe  in  some  places,  where  the  tissues  have 
been  left  somewhat  intact,  the  brown  or  black  color  of  the  drops  of  fat. 

Fresh  muscle  specimens,  prepared  with  the  chop-method,  are  excellent  for 
the  study  of  the  action  of  different  reagents  on  the  muscle  fibre.     Another 

'  Sarcostyles. 


Tery  intcMsting  obKiration  con  be  nwde  after  t>ie  addition  of  32.5%  solu- 
tion of  potMUum  hydroxide,  as  frequraitly  used  for  tho  isoUtion  of  muscle 
fibres.    We  see  a  decided  lAirinkiiig  o^  the  entire  section,  affecting  especially 
tlib  rniucle  oidiiHiits^  irbietk  uodtr  the  action  of  this 
inatie  form  eattrdiy  and  appear  like  twisted  cylinders, 


PLATE  25 

Fig.  63. — CroM-Section  through  the  Gastrocnemius  of  the  Cat 

Fig.  64. — Cross-Section  through  the  Stemo-Cleido-Mastoid 

of  the  Cat 

Fig.  65. — Cross*Section  through  the  Rectus  Oculi  Medialis 

of  the  Cat 
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Fig.  63. — CroM-Section  through  the  Gastrocnemius  of  the  Cat 

150.     Frozen  section.     Ha?nialuni. 

The  frozen  section  will  furnish  us  with  a  much  more  distinct  cross-section 
than  the  chopped  specimen.  The  fresh  muscle  is  cut  transversely  to  the  di- 
rection of  fibres  with  scissors  and  placed  on  its  cut  surface  upon  the  freezing- 
table.  The  specimen  is  allowed  to  freeze  to  the  extent  of  2—8  mm  and  cut 
with  the  razor  at  the  borderline  of  the  frozen  part.  Thin  frozen  sections  are 
made  and  placed  in  Ringer^s  fluid  (p.  25),  stained  in  haemalum  (p.  56)  and 
mounted  in  loTilose.  While  the  freezing  method  gives  excellent  results  in  gen- 
eral for  the  study  of  muscular  structure,  it  shows  in  this  case  a  few  dis- 
agreeable attributes.  Very  often,  not  always,  variously  sized  spaces  are 
produced  among  the  muscle  fibres,  probably  owing  their  presence  to  pre- 
existing vacuum  spaces.  However,  there  are  always  intact  fibres  in  sufficient 
amount.  Another  disadvantage  is  found  in  the  fact  that  the  muscle  fibres 
do  not  die  from  the  action  of  the  cold,  but  retain  their  contractility,  so  that, 
after  thawing  sets  in,  the  fibre  will  contract  and  the  section  warp. 

Frozen  I'ransverse  Section 
of  Muscle  Fibre. 

The  cross-section,  stained  in  haemalum,  primarily  shows  under  low  power 
the  varying  thickness  of  the  fibres,  fluctuating  within  a  wide  range.  The 
fibres  stain  evenly  blue,  distinctly  showing  the  nuclei,  which  are  situated  di- 
rectly under  the  sarcolemnia.  Two  to  three  are  generally  seen  in  one  cross- 
cut. High  power  will  demonstrate  the  deep  blue  network  of  sarcoplasm  with 
great  clearness,  merging  into  the  sarcolemma  at  the  periphery.  Still  darker 
blue  appear  the  interstitial  granules  and  the  nuclei,  whereas  the  muscle  cd- 
umns  appear  only  very  light  blue. 


Fig.  €4. — Cross-Section  through  the  Stemo-Cleido-Mastoid 

of  the  Cat 

150.     Frozen  section.     Hn^malum. 

Light  and  Dark  Muscle 
Fibres. 

A  different  aspect  is  presented  by  the  sterno-cleido-mastoid  of  the  cat, 
prepared  in  the  same  manner.  At  the  first  glance  with  low  power  we  recog- 
nize two  different  kinds  of  muscle  fibres.  One  set  is  identical  with  those  of 
the  gastrocnemius,  the  others  are  of  an  essentially  darker  blue,  and  the  ma- 
jority are  of  smaller  size.     High  power  shows  that   the  deeper  stain   is  lim- 
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itcd  to  the  muscle  columns,  the  sarcoplasmic  structure  being  the  same  a 
of  the  lighter  fibres. 


Nuclei 


I  Ihe  Muscle  Fibres. 


In  the  light  as  well  as  in  the  darlt  muscle  fibres  wc  notice  a  wealth  of 
nuclei.  In  the  cross-section  we  see  double  or  thrice  the  amount  of  nuclei  as 
we  observed  in  the  gastrocnemius.  The  sterno-cloido-maKtoid  thus  is  a  mus- 
cle having  both  light  and  dark  fibres  and  being  rich  in  nuclei. 


I 


Fig.  65. — Cross-Section  through  the  Rectus  Oculi  Medialis 
of  the  Cat 

600.     %.     Frozen  section.     Htcmaluni. 

Sarcoplasm  Slrant!"  and 
Fibres  Rich  in  Sarcoploim. 

Different  conditions  again  prevail  in  the  muscles  of  the  eye.  Light  and 
dark  fibres  are  both  present;  the  latter,  however,  are  not  always  thinner 
than  the  former,  and  distinguish  themselves  by  having  a  much  larger  amtmnt 
of  sarcoplasm,  which  may  be  present  to  such  an  extent  as  to  equal  or  ex- 
ceed the  amount  of  contractile  substance.  We  find,  therefore,  besides  the 
light  and  dark  fibres,  sarcoplasm  strands  and  muscular  fibres  abounding  !n 
sarcoplasm.  The  sarcoplasm  often  forms  beams  and  strands,  which,  starting 
from  the  sarcolemma,  cross  through  the  entire  cross-section,  more  or  less. 


/     ^ 


PLATE  26 

Fig.  66. — Cross-Section  through  a  Fibre  of  the  Semitendinosus 

of  the  Rabbit 

Fig.  67. — Cross-Section  through  a  Fibre  of  the  Rectus  Abdomi- 

lis  of  the  Salamander 


Fig.  68. — Cross-Section  through  the  Gastrocnemius  of  the  Cat 


Fig.  66. — CroM-Section  through  a  Fibre  of  the  Semitendinosus 

of  the  Rabbit 

700.     %.     Frozen  section.     Hipmalum. 

Red  and  White  Muscle. 

We  commonly  find  striking  differences  in  the  staining  of  fresh  muscle; 
some  appear  very  pale,  others  are  decidedly  red.  We  can  make  this  observa- 
tion especially  well  on  the  posterior  extremities  of  the  rabbit.  On  the  inner 
surface  we  find  the  adductor  niagnus,  a  large  and  exceptionally  pale  muscle, 
and  through  it  we  see  the  slender,  deep  red  semitendinosus.  Hence  one  speaks 
of  red  and  white  muscles;  we  shall  make  frozen  sections  of  both  these  mus- 
cles, in  order  to  find  any  structural  differences  in  their  fibres,  if  such  should 
be  present. 

Fig.  66  shows  a  cross-section  through  a  fibre  of  the  semitendinosus.  It 
differs  in  no  way,  neither  sarcoplasm  nor  arrangement  or  size  of  the  sarco- 
styles,  from  the  adductor  magnus.  We  thus  find  no  difference  in  structure 
between  red  and  white  muscles.  The  red  color  is  due  to  a  larger  amount  and 
a  different  arrangement  of  the  blood-vessels. 

Fig.  67. — CroM-Section  through  a  Fibre  of  the  Rectus  Abdomi- 

nalis  of  the  Salamander 

700.     %.     Frozen  section.     Hiemalum. 

We  will  endeavor  to  supplement  our  study  of  the  mammal  muscle  by  in- 
vestigating the  corresponding  tissue  of  an  amphibian,  the  frog  or  the  sala- 
mander. The  technique  is  the  same  as  used  before,  chopped  specimen  and 
frozen  sections  being  made. 

Muscle  Fibres  of  the 
Amphibia, 

The  longitudinal  view  shows  no  essential  differences.  The  transverse 
striation  is  the  same  as  in  the  mammal,  but  the  longitudinal  striation  be- 
comes more  distinct  in  some  places.  The  cross-section  proves  that  in  the 
amphibian  as  well,  the  thickness  of  the  fibres  varies.  The  network  of  sarco- 
plasm is  very  similar  to  that  of  the  mammal,  the  meshes,  however,  being  gen- 
erally somewhat  larger  and  hence  the  muscle  columns  slightly  thicker. 

Position    of   Xurlei. 

One  essential  difference  is  note<l.  In  the  mammal  we  found  peripheral 
nuclei  closely  under  the  sarcolemma;  here,  however,  the  same  being  true  of 
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reptiles  and  most  birds,  tlic  nuclei  ai-i-  untbr  tin-  siiircolcmnin  hs  wpII  hh  be- 
tween the  muscle  columns  in  the  interior  of  the  cross-section.  There  Hre 
iiiUKcIes  in  the  mammalia  having  a.  central  nucleus,  e.g.,  the  eye  muscles,  and 
there  it  is  especially  noted  in  the  fibres  containing  a  large  amount  of  sarco- 
plasm.  Now  and  then  we  may  encounter  the  same  state  of  afTntrs  in  a 
ikeleton  muscle,  but  typically  the  nuclei  of  the  muscle  fibre  of  niummalia  are 
peripheral. 


Fig.  68. — Cro»8-Section  through  the  Gastrocnemius  of  the  Cat 

650.      •■!4.      Frozen  section.      Hamalum.      Sudan. 

Inierslitial  (Jranul.-s. 

In  order  to  make  «  detailed  examination  of  the  interstitial  granules,  we 
will  prepare  a  frozen  section  of  the  gastrocnemius  of  the  eat,  which  we  stain 
In  the  usual  manner  with  hicnialum.     After  washing  the  section  we  take  it  up 

a  slide  and  add  50%  alcohol,  drop  by  drop.  After  it  has  become  quite 
firm  it  is  transferred  to  a  solution  of  sudan  (p.  65),  wherein  it  is  stained 
from  ten  to  fifteen  minutes.     We  wash  in  water  and  mount  in  levulose. 

A  very  pretty  picture  results.  The  crossing  points  of  the  sarcoplasm- 
net, .wherein  we  found  the  irregular  interstitial  granules  with  exclusive  Iwma- 
him  staining,  now  rontnin  finer  or  coarser  bright  red  granules  or  drops;  wc 
can  thus  corroborate  by  this  stain  our  previous  findings  on  the  fresh  speci- 
men; fat  drops  are  foimd  within  the  interstitial  substance.  They  are  partly 
found    as    numerous    small    drops,    partly    become    confluent    to    form    larger 

Amount  of  Fat  in  the 
Mmcle  Fibre. 

If  different  muscles  of  different  animals  are  examined  in  this  manner,  the 
findings  will  be  that  the  amount  of  fat  varies  greatly  in  different  muscles  of 
the  same  animal  as  well  as  in  the  same  corresponding  muscles  of  different  ani- 
mals, and  that  many  muscles,  e.g.,  of  the  rabbit,  are  entirely  free  of  fat. 
Evidently  muscle  fat,  in  contradistinction  frcHU  cartilage  fat,  ts  dependent 
upon  the  state  of  nutrition  of  the  animal. 


PLATE  27 

Fig.  69. — Transverse  Section  through  the  Rectus  Oculi  Lateralis 

of  the  Cat 

Fig.  70. — From  a  Longitudinal  Section  through  a  Muscle 

of  the  Cat 


Fig.  68.— Tnntrane  Secti««  dmu^  the  Rectiu  Ocnli  LalanUt 
of  the  Cat 

600.    Frozen  aection.    Cresyl  violet. 

A  forther  property  of  the  interatitMl  granule!  con  be  learned  bj  the  fol- 
lowing procedure.  Froien  sectiona  of  a  muade,  rich  in  interstitial  granules, 
e.g.,  an  eye  miKcle  of  the  cat,  an  stained  in  a  well-diluted  solution  of  cresyl 
Tiolet  (p.  OS).  After  fifteen  to  twenty  minutes  we  wash  in  water  and  mount 
in  levnlose. 

AtHtud«  «f  &e  MenlUiai  ■  ■      ■  '     .1 

Oranvlf  toward 
Melaekromatic  Dyea. 

The  Kctions  of  fibre  appear  partly  faintly  red  or  light  bine.  In  «ther 
case  the  interstitial  granules  distinguish  themselves  by  a  sharply  defined  deep 
blue  ccJor.  On  the  other  hand  the  network  of  sarcoplasm  is  scarcely  seen; 
where  it  appears,  it  is  always  red  and  of  little  intensity,  as  arc  also  the 
nuclei.  This  peculiarity  explains  that  the  interstitial  granules  are  entirely 
different  in  nature  from  the  sarcoplasm.  The  substance  of  the  muscle  col- 
umns shows  an  unstable  attitude  toward  the  dye.  It  stains  but  faintly,  some- 
times reddish,  other  times  bluish. 


Fig.  70.— From  a  Longitudinal  Section  through  a  Muscle 
of  the  Cat 

600,     Formalin.     PVozcn  section.     Biondi  solution. 

As  previously  explained,  it  is  impossible  to  make  longitudin/il  frozen  sec- 
tions of  the  fresh  muscle,  since  the  fibres,  in  thawing,  contract  so  iiiucli  as  to 
render  them  utterly  useless  for  examination.  We  must  therefore  use  fixed 
material  for  the  longitudinal  section.  The  best  solution  will  be  IOC!  forma- 
lin. A  muscle  of  an  extremity  having  parallel  fibres  should  lie  selected,  dis- 
sected out  and  in  bulk  placed  in  a  sufficient  quantity  of  the  solution,  so  that 
the  muscle  is  fixed  in  physiologic  extension,  viz.,  without  origin  or  insertion 
being  severed.  The  next  day  pieces  arc  cut  from  the  muscle  belly,  placed  into 
'06 
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5%  formalin,  and  sections  are  made  on  the  freezing  microtome  parallel  to  the 
direction  of  fibres.    Biondi  solution  is  used  for  staining  (p.  67), 

The  Contractile  Substance, 

These  specimens  furnish  excellent  material  for  the  study  of  transverse 
striation.  First  we  go  over  a  specimen  with  low  power,  noting  the  different 
widths  of  the  fibres  and  the  position  of  the  nuclei,  which  very  frequently  ap- 
pear in  the  centre  of  the  fibre.  Turning  to  an  examination  of  the  striation, 
we  find  that  two  modifications  are  present  in  the  different  fibres.  In  the 
simpler  case,  as  shown  in  the  thick  fibre  of  Fig.  70,  wc  see  broad  red  bands 
crossing  the  entire  width  of  the  fibre  in  a  wavy  course,  which  we  name  OTOM- 
discs  (Q)'  Between  the  cross-discs  we  always  find  a  narrow  red  band,  the 
int€TpOS€d  disc*  It  is  separated  from  the  former  by  two  narrow,  very 
pale  red  or  unstained  bands,  /^  and  I.,*  We  thus  have  the  following  order 
of  succession :  ZI^  QI29  <?tc.,  in  continuous  rotation.  The  whole  of  these  four 
bands  forms  a  musde  JMnel,^  so  that  the  fibre  is  made  up  of  a  row  of  mus- 
cle  panels.  The  panels  or  sarcomeres  are  of  different  heights  in  different  ani- 
mals, both  high  or  low  being  common. 

Examining  the  single  stripe  with  the  highest  power  available,  we  recog- 
nize that  they  are  not  homogeneous,  but  composed  of  numerous,  closely 
approximated  rods.  In  Q  the  rods,  in  the  narrow  stripe  Z  only  the  granules 
are  visible.  The  composition  can  be  recognized  in  unstained  as  well  as  in 
stained  discs,  naturally  more  so  in  the  latter.  Expressed  in  this  phenomenon 
is  the  fact  that  the  fibre  consists  of  muscle  columns  (scarcostylcs)^  which  in 
turn  are  composed  of  still  finer  fibrUs*  Neither  on  the  fresh  cross-section 
nor  on  the  frozen  section  can  we  conclusively  prove  the  composition  of  the 
columns  of  single  fibrils,  but  the  pictures  furnished  by  the  longitudinal  sec- 
tion speak  highly  in  favor  of  their  existence.  At  any  rate  we  may  deduce 
from  previous  observation  beyond  doubt  that  no  cement  substance,  iden- 
tical with  sarcoplasm,  is  to  be  found  between  the  fibrils  composing  the  muscle 
columns. 

Sonic  fibres  show  the  longitudinal  striation,  which  our  specimen  shows  only 
under  high  power,  quite  distinctly  even  with  low  power.  In  the  latter  case 
this  is  due  to  swelling  of  the  sarcoplasm,  which  separates  the  columns,  so  that 
we  may  actually  speak  of  an  artifact.  Again  we  may  find  our  longitudinal 
striation  in  an  immaculate  specimen  on  such  places  where  the  interstitial 
substance  is  present  in  large  amounts. 

Besides  the  relatively  simple  variety  of  transverse  striation,  described 
above,  we  find  in  other  fibres,  especially  in  the  thin,  more  complicated  condi- 
tions. By  sharp  observation  we  will  recognize  another  light  line,  the  cen^ 
tre  disc  (/')»  ^^ituated  within  the  cross-disc.  This  will  give  us  the  following 
successivf  order  in  each  sarcomere:  ZI^  Q^h  Qn  7^.  Such  fibres  usually  are 
made  up  of  higher  panels  than  the  simpler  fibres.  Still  further  differences 
are  noted  in  the  muscles  of  different  arthropoda,  e.g.,  the  yellow  and  black 
waterhiigs,  dyticus  marginalis  and  hydrophilus  piceus.  Here  each  l^disc  is 
again  divided  into  two  by  a  darker  pora^disc. 


Sarcomere. 
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If  fresh  muscle  fibres  are  examined  in  the  polarization-microscope,  the 
stripes  Z  and  Q  (possibly  AT),  stained  red  in  our  specimen,  will  appear  four 
times  red  in  a  dark  field,  when  the  Nicol  prisms  are  crossed  and  the  carriage 
has  been  turned  860° ;  hence  they  are  doubly  refractive,  anisotropic,  Q 
having  a  stronger  anisotropy  than  Z  and  N.  The  stripes  /  and  h  are  simple 
refractive,  isotropic. 


PLATE  28 

Fig.  71. — ^Longitudinal  Section  through  Papillary  Muscle  of 

Monkey 

Fig.  72. — CroM-Section  through  Papillary  Muscle  of  Monkey 

Fig.  73. — Cross-Section  through  Papillary  Muscle  of  Monkey 


] 


Fig.  71.— Longitudinal  Section  through  Papillary  Muscl«  of 
Monkey 

Subliraato-acctic  acid.     Frozen   section,     liiomli  nulatioii. 


The  heart  muacle,  which  we  will  now  comtider,  offers  special  tdructurai 
peculinritieN,  If  gmnl  sptfimtns  arc  wnntcd,  tho  nmtcrial  iniist  be  iibsdutdy 
fresh.  The  heart  of  a  cat  or  dog,  or  preferably  that  of  a  monkey,  i*  ie- 
lected.  pieces  of  the  hc«rt-wall  being  placed  for  from  four  to  six  hours  in  &  . 
fresh  2.5%  solution  of  sublimate,  to  which  1%  of  ncetic  acid  han  been  added. 
The  solution  sliould  be  warmed  to  body  temperature.  (The  remainder  of 
the  heart  is  used  for  the  preparation  of  fresh  chop  and  frozen  KCtiotts.) 
After  completed  fixation  we  wash  in  running  water  for  twenty-four  lioun  and 
transfer  to  5%  faniialin.  Tbc  fallowing  day,  thin  longitudinal  nod  trans- 
verse sections  are  made,  preferably  of  the  papillary  muscles.  The  lections 
are  stained  in  Biontli  solution  (p.  67)  or  in  iron-aluni-hsmatoxylin  (p.  07).. 

Heart   Muscle   Fibres. 

Fig.  71  shows  a  longitudinal  section  through  a  papillary  musde.  We 
notice  at  once  that  here  we  have  to  do  with  a  network  of  muscle.  The  fibres 
divide,  almost  always  dichotommidy,  anastomosing  among  themselres.  We 
tlms  have  a  network,  in  the  meshes  of  which  the  blood-vessels  are  situated. 
While  we  may  find  branching  muscle  fibres  in  other  structures,  e.g.,  the 
tongue,  and  muscle  fibres  arranged  in  netform  still  elsewhere,  this  arrange- 
ment is  primarily  characteristic  of  heart  muscle. 

On  the  average  the  fibres  are  thinner  than  those  of  the  skeleton-muscles ; 
they  have  a  marked  transverse  striation,  illustrating  especially  the  interposed 
disc,  while  Q  and  /  are  less  distinctly  separate.  Heart  muscle  also  shows 
the  longitudinal  striation  very  distinctly.  The  different  fibrils  can  be  clearly 
differentiated. 

Another  peculiarity  of  the  heart  muscle  discriminates  it  from  the  skele- 
ton muscle  absolutely.  At  shorter  or  greater  distances  the  fibres  are  crossed 
by  transverse  stripes,  which  by  their  strong  color  immediately  attract  our 
attention.  They  are  usually  called  interpolated  sectioitM  (tr).  They 
consist  of  closely  approximated,  shorter  or  longer  rods,  interpolated  in  the 
course  of  the  fibrils,  in  their  entirety  forming  a  band  across  the  muscle  fibre. 
The  bands  often  .show  flaws,  imparting  the  appearance  of  stairs,  which  latter 
name  is  also  in  use.  In  reality  we  are  not  dealing  with  stripes,  but  with 
rounded  or  elongated  plates,  which  traverse  the  entire  thickness  of  the  fibre. 
Little  can  be  said  about  the  significance  of  these  plates  at  the  present  time. 
The  name,  interpolated  sections,  implies  tliat  we  have  plates,  which  are  inter- 
posed between  short  pieces  of  fibre.  We  can  isolate  them  by  placing  small 
pieces  of  hear*  a  82.5%  solution  of  potassium  hydroxide  for  thirty 
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minutes,  macerating  while  in  the  solution.  The  segments  will  be  found  to 
contain  one  or  more  nuclei;  they  have  an  irregular  form,  short  stubby 
branches,  and  on  their  ends  are  provided  with  serrations,  corresponding  to  the 
stairs.  Such  isolated  formations  are  called  heart  mUMde  cells.  Hence 
we  might  consider  the  entire  heart  muscle  as  composed  of  numerous  anasto- 
mosing cells.  Whether  these  formations  should  actually  receive  the  value  of 
cells  or  whether  they  should  be  considered  as  artifacts,  is  still  an  open 
question. 

The  nuclei  of  heart  muscle  are  very  similar  to  those  of  the  skeleton  mus- 
cle.   They  are  always  surrounded  by  a  distinct  mass  of  granular  sarcoplasm. 

Fig.  72. — CroM-Section  through  Papillary  Muscle  of  Monkey 

650.     %.     Sublimate-acetic  acid.     Frozen  section.     Biondi  solution. 

Cross-sections,  made  in  the  same  manner  as  the  preceding,  show  the  fibres 
as  irregular,  rounded,  elongated,  triangular  or  quadrilateral  formations,  the 
shape  of  which  has,  without  doubt,  been  influenced  by  our  method  of  fixa- 
tion. In  many  places  we  can  even  here  recognize  the  anastomosis  of  fibres. 
The  section  will  then  appear  drawn  out,  or  two  rounded  fibre  sections  may  be 
seen  connected  by  a  narrower  bridge. 

In  the  interior  of  the  fibre  we  usually  find  a  slightly  irregular  nucleus^ 
surrounded  by  more  or  less  finely  granular  sOTCOplaMni.  The  remainder  of 
the  bisected  fibre  is  filled  out  by  transversely  cut  fihtilB. 

Fibrils  of   the  Heart 
Muscle  Fibre, 

They  appear  round,  are  closely  aggregated,  still  leaving  minute  light  in- 
terspaces. Narrow  clefts  run  through  the  mass  of  fibrils  here  and  there, 
communicating  either  with  the  periphery  or  with  the  circuninuclear  sarco- 
plasm, so  that  on  many  places  the  entire  mass  of  fibrils  is  split  into  larger 
groups.  Between  the  various  fibre  sections  connective  tissue  fibres,  nucleated 
connective  tissue  cells  and  small  blood-vessels  are  seen. 


Fig.  73. — Cross-Section  through  Papillary  Muscle  of  Monkey 

650.     Frozen  section,     a,  hicmaluin ;  b,  cresyl  violet ;  c,  Biondi  solution. 

Let  us  supplement  the  knowledge  of  heart  muscle,  gained  so  far,  by  ex- 
amining the  unfixed  specimen.  For  this  purpose  we  will  stain  thin  frozen 
cross-sections  of  a  fresh  papillary  muscle  first  in  hipmalum  (p.  56),  then  in 
cresyl  violet  (p.  62),  and  thirdly  in  Biondi  solution  (p.  67),  all  to  be  mounted 
in  levulose. 

Sarroplasm  of  the  Heart 
Musclf   Fibre. 


The  section   stained  with  luemalum   (Fig.  78,  a),  similar  to  that  of  the 
skeleton  nuisele,  gives  us  a  very  descriptive  picture  of  the  structural  proper- 
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ties  by  coloring  all  parts  of  the  sarcoplasni  blue.  Just  as  we  found  it  in  the 
skeleton  muscle,  we  note  that  the  heart  muscle  fibre  is  surrounded  by  a  con- 
tinuous layer  of  sarcoplasm,  the  sarcolemma,  from  which  numerous  sarco- 
plasmic extensions  arise  and  penetrate  through  the  interior  of  the  fibre 
toward  the  nucleus.  Hence  the  contractile  substance  of  the  heart-muscle 
fibre  is  again  divided  into  compartments  by  the  septa  of  sarcoplasm;  the 
septa,  however,  do  not  form  a  regular  meshwork,  but  simply  mingle,  so  that 
we  lack  the  regular  prismatic  sarcostyles  and  have  in  their  stead  leaves  of 
contractile  substance,  which,  anastomosing  among  themselves,  radiate  from 
the  periphery  toward  the  interior  of  the  fibre. 

An  areola  of  sarcoplasm  around  the  nucleus  is  absolutely  imperceptible, 
this  fact  compelling  us  to  consider  these  circumnuclear  masses  of  protoplasm, 
shown  in  the  fixed  specimen,  as  artificial  products,  probably  due  to  shrinking 
of  the  contractile  substance. 

Interstitial  Oranules  in  the 
Heart  Muscle  Fibre, 

The  section  stained  with  cresyl  violet  (Fig.  78,  b)  is  complemental  to 
the  preceding.  The  nucleus  has  taken  a  red  color  as  usual.  Aside  from  it 
we  see  blue  granules  in  the  fibre.  They  are  located  primarily  on  the  periphery, 
but  also  throughout  the  cross-section,  their  arrangement  showing  that  they 
are  situated  within  the  sarcoplasmic  septa.  In  this  section  we  have  therefore 
stained  only  the  interstitial  granules,  not  the  sarcoplasm. 

Contractile  Substance  of  the 
Heart  Muscle  Fibre, 

The  third  section,  stained  in  Biondi  solution,  shows  a  green  nucleus  and 
red  contractile  substance.  Evidently  the  action  of  the  dye  on  the  frozen 
section  is  such  as  to  cause  a  swelling  and  dissolution  of  the  sarcoplasm  and 
synchronously  a  shrinkage  of  the  contractile  substance.  The  beams  (sar- 
costyles), compared  to  the  haemalum  specimen,  have  shrunk  not  only  longi- 
tudinally but  also  transversely,  so  that  we  find  an  empty  space  around  the 
nucleus,  while  the  septa  are  separated  by  larger  clefts. 

How  may  we  reconcile  this  picture  with  the  fixed  specimen  shown  in  Fig. 
72?  In  the  latter  the  entire  cross-section  of  a  fibre  was  filled  with  numerous 
sections  of  the  fibrils;  here  we  find  compact  leaves  of  muscle  without  a  trace 
of  individual  fibrils.  These  leaves  evidently  correspond  to  the  muscle-col- 
umns of  the  skeleton  muscle,  since  here  as  well  as  there  they  are  formations, 
separated  by  sarcoplasmic  septa.  They  differ,  of  course,  in  shape.  A  sim- 
ilar structural  arrangement  of  the  contractile  substance  is  found  in  certain 
skeleton  muscles  of  some  fishes.  In  the  fixed  specimen  the  sarcoplasm  is  de- 
stroyed, except  a  minimum  amount,  the  leaves  shrink  and  split  into  com- 
ponent parts,  which  we  designate  as  fibrils.  Siniilar  conditions  were  demon- 
strated in  the  cross-section  of  the  fixed  striated  muscle  fibre.  It  was  filled 
in  an  irregular  manner  with  shrunken  muscle-columns,  which  we  now  recog- 
nize as  fibrils.  The  original  typical  picture  of  Cohhheim^s  field  has  been 
almost  entirely  lost. 


PLATE  29 

Fig.  74. — Unipolar  Nerve-Cells  from  the  Spinal  Ganglion  of  the 

Rabbit 

Fig.  75. — Bipolar  Nerve-Cells  from  the  Spiral  Ganglion  of  the  Cat 

Fig.  76. — Multipolar  Nerve-Cells  from  the  Anterior  Horn  of  the 

Spinal  Cord  of  the  Rabbit 


Fig.  74.— Unipolar  Ncrve-CelU  from  the  Spinal  Gani^loii  of  dM 

Rabbit 


polar  cells  art-  nios.t  eaKily  studied  in  the  spiiiiil  gnngjia.  The  SpilUiI 
lal  of  n  rabbit  is  opened  in  tbe  usual  manner,  the  laniina  nsected  with 
bone  forceps  cnouf^h  to  expose  the  intervertcbrnl  foriunina  and  the  spinal 
ganglia  situated  within  them.  The  ganglia  arc  excised,  fixed  in  10%  forma- 
b'n,  and  treated  with  the  silvcr-ainmonJa  method  (p.  71).  Paraffin  aections  of 
10—15  [Ji  in  thickness  are  made. 

A  seetion  will  show  tbe  composition  of  the  ganglion  of  spherical  OF 
pjrifnrm  large  celi.H.  The  cell-bodv  has  taken  a  bruwii  atoin,  tbe  lugB 
vesical -shaped  nucleus  appearing  like  a  light  stain. 

Unipolar  Nerrf-C'rlh. 

On  fnvoriible  places  we  can  f*ee  a  strong  process  arising  from  the  cdl- 
bod.v,  which  soon  after  its  exit  from  the  coll  curls  up  in  namerous  cmtor- 
ticou,  whiph  are  closely  crowded  together,  forming  a  g/oflMmfos.  The 
tract  can  often  be  traced  for  a  long  distance ;  the  details  thereof  will  be  dis- 
cussed in  a  special  part,  provided  in  our  course.  In  some  cases  the  glomcru- 
lus-formation  is  not  so  pronounced,  consisting  of  but  two  twists. 

The  Capsule  of  the 
Peripheral   Nerve-Cells. 

Low  power  will  already  show  numerous  nuclei  on  the  periphery.  Under 
hi^  power  we  recognize  that  all  the  unipolar  cells  are  surrounded  by 
capni/ea,  which  consist  of  connective  tissue  fibres  and  cells,  surrounding 
the  cells  on  all  sides.  Interiorly,  between  capsule  and  cell-body,  numerous 
cells  are  situated,  to  which  belong  the  aforesaid  nuclei ;  these  cells  have  been 
called  mantlB^ellt  or  amphieytet.  If  wc  examine  the  relation  of  the 
cellular  process  to  the  capsule,  we  find  that  the  glomerulus  proper  lies 
within  the  capsule,  the  process  later  piercing  it. 


Fig.  75. — Bipolar  Nerve^X^lU  from  the  Spiral  Ganglion  of  the  Cat 

300.     Chromic-osmic-acetic   acid.      Paraffin   section.      Hicmalum. 

In   the  grown  mammal   and   in   man  bipolar    cells  arc   found   only   in   the 
ganglia    of    the    auditory    nerve.      Newborn    cats    or    guinea-pigs    arc    most 
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suiliibk-  fur  (.■Nam illation.  After  removing  tlie  bniln,  wv  disarticulate  the 
luwer  jaw,  and  tlii'  base  of  the  skull,  including  tlie  hony  labyrinth  cluacly  be- 
hind the  mandible,  i»  laid  open.  The  entire  petrous  portion  of  the  tem- 
poral bone  is  removed  from  the  skull.  The  bonj  labyrinth,  cartilaginous  iix 
yet,  is  opened  and  the  specimen,  in  this  wtate.  is  suspended  in  50  cm''  of 
chromic-osmic-acetic  acid  (p.  80)  for  from  three  to  five  days.  The  liquid 
should  be  chan^'d  once  or  twice.  The  specimen  is  now  washed  in  running 
water  for  twenty-four  hours  and  embedded  in  parafHn  in  the  usual  manner. 
While  in  95%  alcohol  the  cochlea,  which  can  be  seen  within  the  labyrinth,  U 
bisected  longitudinally,  the  paraffin  sections  being  made  parallel  to  this 
plane.  The  sections  are  stained  in  htnnaluni  (p.  56).  Within  the  cochlea 
small  bundles  of  nerve-cells  are  seen,  which  make  up  the  spiral  ganglion. 

Bipolar  Sene-Cflh. 

Tender  high  power  we  find  oval  cell-bodies,  which  are  pointed  at  boUt 
ends.  Each  end  is  continued  as  a  light  blue  fibre,  which  after  a  short  course 
takes  on  a  black  sheath,  which  will  be  discussed  in  detail  later.  Thus  we  have 
one  nerve-fibre  leaving  each  pole  of  the  cell,  or  we  may  say  that  the  nerve- 
cell  is  nothing  but  a  nucleated  swelling  in  the  course  of  a  fibre.  These  cells 
are  likewise  surrounded  by  a  capsule,  covering  amphicytes  and  nuclei.  The 
Quck'us  of  the  nerve-cells  is  globular,  contains  little  stained  chrumatin,  but 
an  exceptionally  large  nucleolus.  Within  the  cell-body  numerous  fine  gran- 
ules are  seen,  which  have  been  stained  intensely  with  the  ha-malum. 


Fig.  76. — Multipolar  Nerve-Cells  from  the  Anterior  Horn  of  the 
Spinal  Cord  of  the  Rabbit 


150.     Silver-animunia  method.      I'arnflin   ! 


ction. 


The  l)c-st  developed  and  more  or  less  lnrge«t  multipolar  cells  are  found 
in  the  spinal  cord.  The  cord  is  exposed  to  view  and,  starting  at  the  cuuda 
equina,  is  taken  from  the  spinal  canal.  Pieces,  2-8  mm  thick,  are  cut  from 
the  cervical  or  lumbar  region  with  a  razor  or  sharp  scissors,  care  being  taken 
not  to  compress  the  tissue.  The  pieces  arc  fixed  in  lO^i  formalin  and  treated 
with  the  silver-ammonia  method  (p.  71).  The  paraffin  sections  must  not 
be  too  thin  in  this  case  {15-25  n). 

Multipolar  NfrvfCelh. 

Even  with  low  power  we  immediately  recognize  the  interior  horn  by  its 
▼ealth  in  large  nerve-cells.  They  are  irregular,  most  often  polygonous 
structures,  the  corners  of  which  are  drawn  out  into  long  processes.  Each 
process  arises  hy  a  broad  base  from  the  cell-body  and,  constantly  tapering, 
it  sends  ofT  brunehes.  the  teniiinal  branches  ending  in  very  fine  points  («/f)- 
These  so-called  protoploMtnic  pTOcettet  or  dendritea  can  be  traced  for 
long  distances.  Their  number  varies,  and  close  observation  will  teach  us  that 
their  form  and  manner  of  origin  differ  materially.  In  some  other  field  we 
may,  for  instance,  find  a   sort  of  polar  arrangement  of  the  dendrites,  the 
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Iftttir  nidiating  cither  hb  uiio  side  only  or  bipolnr.  The  dendrites  id  wur 
specimen  have  taken  a  light  brown  stain,  which  becomes  lighter  as  the  den- 
drite splits  into  branches  in  its  course  from  the  cell. 

Besides  these  dendrites  wc  notice  another  fomi  of  cell  process.  They  are 
dark  brown  fibns  of  unchanging  calibre  throughout  the  specimen.  They  are 
generally  separated  from  their  cells  a!  origin,  but  in  favorable  cases  (n() 
wc  can  trace  them  to  the  latter.  These  neuriteM  '  ar^ise.  one  from  each  cell, 
from  a  corner  vf  the  cell-body,  similar  to  the  dendrites;  the  process,  in  con- 
tradistinction to  the  dendrite,  immediately  becomes  thin,  but  only  for  a  short 
space,  when  it  again  assumes  a  thickness,  which  now  remains  constant,  At 
first  the  neurlte  is  very  pale,  but  becomes  very  dark  as  soon  as  it  thickens. 
The  ncurites  do  not  branch  dichotomously.  as  do  the  dendrites,  but  remain 
undivided.  Thus  we  have  on  each  multipolar  cell  several  branching  dendrites 
and  one  undivided  neurite  {or  axis-cylinder),  this  rule  not  only  holding  good 
for  the  multipolar  nerve-cells  in  the  spinal  coixt  but  for  all  multiple  cells 
of  the  nervous  system  in  general. 

Thu  Central  NervfCrll 
fiOn  no  Capsule. 

Another  important  fact  is  demonstrated  in  these  cells.  While  the  cells 
of  the  spinal  and  the  Kpiral  ganglia  were  incapsulated,  we  have  here  neither 
capsule  nor  amphicytcs.  All  cells  of  the  central  nenous  system,  brain  and 
cord,  are  nude,  while  the  cells  of  the  peripheral  system,  i.e.,  the  cells  con- 
stituting the  cerebrospinal  and  sympathetic  ganglia,  are  clothed  in  a  capsule. 


PLATE  30 

Fig.  77. — Multipolar  Nerve-Cells  from  the  Anterior  Horn  of  the 

Spinal  Cord  of  the  Rabbit 
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PLATE  31 

Fig.  78. — Multipolar  Nerve-CelU  from  the  Anterior  Horn  of  the 

Spinal  Cord  of  the  Rabbit 

Fig.  79. — Nerve-Fibres  from  the  Great  Sciatic  Nerve  of  the  Frog 


Fig.  77. — Multipolar  Nerve^ellt  from  the  Anterior  Horn  of  the 
Spinal  Cord  of  the  Rabbit 
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Pyroyiilkil  method.      I'ar'iffiii  siction. 


After  going  over  the  shnpc  mid  Iho  professes  of  the  nerve-cell,  a  special 
part  dealing  with  the  varieties  of  the  former,  we  will  proceed  to  take  a  closer 
view  of  the  striietunil  peculiarities.  In  order  to  bring  out  the  most  important 
component  parts  of  the  cell-bodi/,  we  treat  small  particles  of  the  cord  of  a 
rnbhtt  with  the  p-yrognllol  method,  described  on  p.  71.  Paraffin  sections,  o( 
6-10  pi  thickncsH,  are  made  and  preferably  are  gilded  (p.  71)  in  addition. 

FihriU  in  Xerve-Celh. 

Such  specimens  show  us  the  most  important  part  of  the  nerve-cell,  the 
neurofibrils,  with  exceptional  clearneits.  The  dendrites,  to  begin  with, 
show  closely  packed  strands  of  delicate  fibrils.  Coming  from  all  the  branches, 
they  arc  collected  by  the  dendrite  trunk,  whence  they  radiate  into  the  cell- 
body.  In  the  dendrites  they  are  undivided  in  general,  running  parallel; 
only  where  the  dendrite  branches  we  may  recognize  unmistakable  net- 
formations.  The  fibrils  enter  the  cell-body  in  bundles,  crossing  the  cell, 
either  to  enter  another  dendrite  or  the  iieuritc.  A  neuritc  is  seen  on  the 
larp'  cell  in  the  centre  of  our  picture  in  the  foroL  of  a  process  leaving  at  the 
left  side  in  a  straight  course.  Besides  the  strands  of  fibrils,  going  directly 
from  dendrite  to  dendrite  and  from  dendrite  to  neuritc,  we  have  a  genuine 
network  of  fibrils  di^itributed  over  the  cell-body,  which  is  best  developed  in 
llie  outer  strata  of  the  cell.  The  fibres  composing  it  are  partly  derived  from 
the  dendrites,  partly  from  the  ncurite.  In  the  latter  the  neurofibrils  are  so 
closely  approximated  as  to  make  it  impossible  for  us  to  distinguish  them 
singly. 
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Fig.  78. — Multipolar  Nerve-CelU  from  the  Anterior  Horn  of  the 

Spinal  Cord  of  the  Rabbit 


Fig.  79. — Nerve-Fibres  from  the  Great  Sciatic  Nerve  of  the  Frog 
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Fig.  78. — Multipolar  Nerve-CelU  from  the  Anterior  Horn  of  the 

Spinal  Cord  of  the  Rabbit 

450.     Alcohol* acetic  acid;  paraffin  embedding;  methylene  blue;  acid  fuchsin. 

We  will  finally  prepare  a  specimen,  which  shall  inform  us  about  the 
structure  of  the  remainder  of  the  cell-body  and  of  the  nucleus  thereof.  Small 
pieces  of  spinal  cord  of  the  rabbit,  or  any  other  mammal,  are  fixed  in  alco- 
hol-acetic acid,  according  to  the  rules  given  on  page  88,  and  embedded  in 
paraffin.  Paraffin  sections  of  5  (a  thickness  are  stained  for  fifteen  to  twenty 
minutes  in  a  1%  solution  of  methylene  blue,  the  process  taking  place  in  a 
well-covered  glass  in  the  paraffin  oven.  The  dark  blue  sections  are  rinsed  in 
water  to  remove  the  excess  of  dye,  and  thereafter  transferred  to  95%  alco- 
hol, where  heavy  clouds  of  dye  will  be  extracted.  We  counterstain  in  a; 
0.1%  solution  of  acid  fuchsin  until  the  sections  appear  pale  red,  when  they 
are  rinsed  in  95%  alcohol,  dehydrated  in  absolute  alcohol,  placed  in  xylol 
and  mounted  in  balsam. 

Basophilic   Substance 
of  {he  Nerve-Cells, 

We  select  again  the  large  multipolar  cells  of  the  anterior  horn,  where  wo 
find  the  bodies  studded  with  numerous  intensely  blue  clods,  the  boMOphUic 
corpuscles  or  clods  of  Nissl  (granules  of  Nissl).  They  appear  as  irreg- 
ular, polygonous,  serrated  clods,  being  densest  in  the  vicinity  of  the  nucleus; 
toward  the  dendrites  they  become  lighter,  smaller  and  appear  more  elon- 
gated, as  if  adapting  their  shape  to  their  surroundings.  They  can  be  traced 
into  the  dendrites  for  some  distance,  disappearing  in  the  finer  branches.  One 
place,  aside  from  the  nucleus,  is  always  free  from  granules,  namely,  the  cone 
of  origin  of  the  neurite  {ukn)  ;  the  latter  itself  never  contains  any  clods. 
Viewed  under  high  power,  these  clods  are  not  homogeneous,  but  composed  of 
closely  arranged  fine  granules.  The  term  "basophil"  applied  to  these  clods 
only  means  that  they  stain  well  with  basic  dyes;  they  are  not  basophilic  in 
the  sense  in  which  we  speak  of  the  nuclear  chromatin,  which  we  can  easily 
prove  by  staining  such  a  section  with  Biondi  solution,  where  they  will  take 
up  the  red  acid  fuchsin,  but  not  the  basic  dye. 

In  other  nerve-cells  these  granules  vary  as  to  size  and  arrangement,  to 
wit,  in  the  spinal  ganglionic  cells,  where  they  are  much  smaller,  and  in  the 
sympathetic  cells,  where  they  are  densely  distributed  in  the  outer  zone  of 
the  cell,  but  very  scanty  around  the  nucleus.  We  have  already  encountered 
these  clods  in  our  specimen  75.  The  fine  granules,  seen  there  in  the  body  of 
the  spiral  ganglion  cell,  were  nothing  but  small  Nissl  granules. 
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Vte  Niielevt  of 


\s  shown  in  our  specimen,  the  nucle!  of  ncrvo-cclls  are  of  considerable 
They  are  globular,  vesicuUr  and  very  poorly  supplied  Kith  chroma- 
The  moBt  striking  feature  is  a  large  nucleolus,  which  has  taken  the 
lethylene  blue,  i.e.,  the  basic  dye;  however,  it  is  basophilic  only  in  the  rt- 
ricted  sense,  such  as  we  found  present  in  the  case  of  yixsVa  granules. 
Aside  from  the  nucleolus  or  nucleoli  the  nuclei  of  our  specimen  are  distin- 
luished  by  a  red  framework,  which  is  continued  inti>  the  nuclear  membrane, 
?  latter  being  partly  of  blue  color.  ,\  similiir  state  of  affairs  is  found  in 
Biowli  specimens,  where  the  chromatin  of  the  nerve-cella  stains  chiefly  with 
acid  dyes,  viz.,  it  is  oxyphilic,  in  contradistinction  to  the  chromatin  of  all 
other  cell-bodies.  A  few  single  granules  of  basic  chromatin  may  be  found 
r  among  the  oxychromOtin  of  the  ncrve-cell  nucleus. 


I  Fig.  79.— Nerve-Fibres  from  the  Great  Sciatic  Nerve  of  the  Frog 

300.     Osniic  ac!d,  acid  fuchsin.      Frozen  section. 

The  peripheral  nerve-fibres,  which  we  know  to  be  processes  of  the  nerve- 
)ell,  can  be  most  conveniently  studied  by  examining  the  great  sciatic  nerve 
of  tlie  frog.  We  decapitate  a  frog,  destroy  the  spinal  cord,  place  the  aniniitl 
abdomen  and  split  the  skin  on  the  dorsal  surface  of  the  thigh  longi- 
Eudinally.  The  triangular  sciatic  foramen  on  the  edge  of  the  pelvis  will  be 
"^n  plain  view,  its  lower  pointed  angle  being  bounded  by  the  heads  of  the 
pyriformia  internally  and  the  ^uteus  maximus  externally.  In  its  depth  the 
nerve  can  be  located  by  opening  the  fascia  from  the  apex  of  the  triangle 
downward.  After  separating  the  muscles  ( ilio fibula ris  and  semimembranosus) 
we  can  trace  the  entire  course  of  the  nerve  down  to  the  bifurcation  into  two 
branches  (tibial  and  peroneal).  It  is  accompanied  by  the  artery  of  the  same 
name,  which  is  cut  and  removed.  The  nerve  is  severed  in  its  upper  part,  a 
small  piece  is  placed  on  a  slide  and  quickly  teased  with  two  needles,  the 
latter  t>cing  placed  closely  together  in  the  centre  of  the  piece  and  drawn  out- 
ward transversely  to  the  direction  of  fibres.  This  method  will  yield  a  suffi- 
cient number  of  isolated  fibres  without  inducing  great  structural  changes. 
The  cover-glass  is  quickly  placed  and  covered  with  a  rim  of  lac. 

The  remainder  of  the  nerve  is  secured  with  needles  below  and  above  and 
in  situ.  Osmic  acid,  2%,  is  applied  drop  by  drop  with  a  pipette.  After 
ten  to  fifteen  minutes  the  nerve  is  superficially  fixed;  it  is  now  excised  and 
placed  in  a  few  cubic  centimetres  of  the  same  solution  for  twenty-four  hours. 
After  washing  for  twenty-four  hours  in  running  water,  the  specimen  is  placed 
in  a  2%  acid  fuchsin  solution  for  forty-eight  hours,  rinsed  several  times  in 
water,  and  very  thin  longitudinal  sections  are  made  thereof  on  the  freezing 
microtome,  which  are  mounted  in  levulose. 
Structure  of  itedullaled 

In   the   fresh,   well-preserved   specimen   the   nerve-fibres   appear   as   thin, 
smooth  fibres,  having  a   fluctuating  diameter.     The  strongest  fibres   of  the 


sciatic  nerve  arc  probably  ten  times  the  size  of  the  thinnest.  The  fibris  arc 
surrounded  hy  h  hifjhly  refractive  zone,  the  mytlin  theath,  which  at  cer- 
tain intervals  is  interrupted,  impinging  on  such  places  on  the  calibre  of  the 
fibre.  The  places  where  the  shenth  dips  in  have  been  called  the  constricting 
bands,  or  ringa  of  Ranvier.  When  the  fibre  Iorcs  vitality,  rational 
changes  take  place,  principally  affecting  the  myelin  sheath;  in  our  specimen 
they  are  rapidly  advancing.  The  smooth  outline  of  the  myelin  shenth  be- 
comes irregiilar  and  finally  diftsolvea  altogether.  If  a  drop  of  water  be 
added,  lumpy  masses  of  myelin  will  Iw  seen  protruding  from  the  myelin 
sheath. 

The  finer  structural  details  must  be  studied  on  frozen  sections.  Fig,  79 
presents  three  fibres  from  the  sciatic  of  about  the  same  calibre.  Going  from 
within  outward  the  fibre  is  first  wrapped  in  a  very  thin  red  sheath,  the 
theath  of  Schwann,  or  neurilemma  {<*),  in  which  we  can  recognize  a 
nucleus  (*A-).  The  nuclei  are  placed  at  great  intervals,  always  closely  ap- 
proximated to  the  mt/elin  nhetith.  The  latter  is  represented  bv  a  thick 
cylindrical  sheath,  stained  black  bv  the  osmic  acid.  VVc  can  see  the  sheath 
part  I V  plastic  (optical  longitudinal  view),  partly  in  .section.  Rach  of  the 
three  fibres  presents  a  band  of  Ranvier.  Here  the  myelin  sheath  ends  ab- 
ruptly in  a  pointed  extremity,  another  starting  on  the  other  side  of  the  ring. 
By  these  con.strictions,  which  are  found  in  intervals,  varying  according  to 
the  thickness  of  the  fibres,  the  entire  myelin  sheath  of  a  nerve-fibre  is  di- 
vided into  numerous  chained  segments,  the  myelin  tegments.  Each  seg- 
ment forms  a  long  pipe,  both  ends  tapering  abruptly,  so  that  entrance  and 
exit  are  nmch  narrowed.  The  lowest  of  the  three  fibres  reproduced  in  Fig. 
79  has  b<!en  cut  in  such  a  manner  as  to  exclude  the  opening  within  the  con- 
striction, thus  giving  the  appearance  as  if  the  two  segments  ended  in  solid 
knobs. 

Between  two  myelin  segments  a  plate  of  cement  substance  is  inscrtcdt 
which  extends  outward  to  the  neurilemma.  The  cement  plate  can  be  demon- 
strated by  placing  a  fresh  nerve  in  a  1%  silver  nitrate  solution  overnight, 
which  will  render  it  brown  or  black.  Owing  to  the  fact  that  the  silver  solu- 
tion will  penetrate  through  the  two  openings  into  the  myelin  segments,  where 
it  is  reduced,  a  Latin  cross  will  be  formed.  We  will  see  later  that  the  same 
effect  can  be  produced  by  vital  mcthvlcne  blue  staining. 

Knch  myelin  segment  is  in  turn  composed  of  short  pieces,  which  owe  their 
^  existence  to  the  indentations  of  Sehmitt-Lantermann  (ile).  On  the 
.fresh,  unchanged  fibre  they  are  hard  to  recognize,  but  become  more  distinct 
I  the  fibre  dies.  They  cross  the  myelin  sheath  obliquely  from  without  in- 
ward, so  that  each  segment  partly  covers  the  preceding  one.  Under  the 
Action  of  osmic  acid  the  invaginated  ends  of  the  segments  produce  the  effect 
of  circular  stripes  on  the  myelin  sheath  in  transmitted  light.  These  numer- 
ous small  segments  composing  each  myelin  sheath  have  been  called  CylindtO* 
conical  gegmentg. 

Finally  we  must  mention  the  last  and  most  important  part  of  the  nervi- 

ibre,  the  axis-cylinder  (")■     In  form  of  a  red  band  it  runs  through  lln- 

^  entire  length  of  the  nerve-fibre.     It  is  broadest  in  the  centre  of  chcIi  myelin 

\  tegmcDt,  becoming  thinner  at  the  constricti-d  parts.     It  i«  probable  that  intra 
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vitam  it  fills  Iho  entire  interior  of  each  myelin  segniont,  tho  so-called  uxls 
spnce.  We  can  distinctly  see  that  it  is  inado  up  of  numerous  closely  ap- 
proximated fibrils.  The  lutter  are  the  neuroHbrils,  which  enter  the  neuritc 
at  the  cone  of  ori^n  in  the  nerve-cell.  The  neuritc  is  thus  identical  with 
the  axis-cylinder,  which,  taking  on  a  myelin  sheath,  constitutes  our  centra! 
nerve-fibre.  After  leaving  the  central  organ  it  becomes  invested  with  the 
neurilemma,  and  now  we  have  a  peripheral  myelinated  nene-fibre.  The 
fibres  of  the  sympathetic  nerves,  on  the  other  hand,  lack  the  myelin  sheath, 
although  they  possess  a  neuriteinnia ;  they  arc  nOtl-medttUated,  or  He- 
tnak's  fibres,  so-called.  Aside  from  the  neurofibrils  the  axis-cylinder  con- 
tains in  all  probability  an  interstitial  substance  of  more  Ii({uid  consistency, 
in  wliich  the  fibrils  float,  the  ^cfiMoplasnit  or  neuropltuin. 
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Fig*.  80^.— Human  Blood 
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The  examination  of  tin-  elements  of  thf  blood  in  its  fresh  state  belongs  to 
the  simplest  micrntcchnical  procedures,  requiring  hut  rnpid  execution  and 
painstaking  cleanliness  of  material,  viz.,  slide  and  cover-glass.  To  fulfil  the 
latter  condition,  it  is  best  to  use  only  fresh  glasses  and  to  put  them  in  a 
concentrated  solution  of  sulphuric  acid  overnight,  or  at  least  for  a  few  hours. 
After  the  acid  has  heen  decanted,  the  glasses  are  thoroughly  washed  in  run- 
ning water  until  Hie  minutest  trace  of  the  acid  is  removed.  Thereafter  they 
are  rinsed  in  distilled  water  and  transferred  to  a  jar  containing  9.5%  alco- 
hol. From  here  they  are  taken  only  shortly  before  use  and  dried  carefully 
witli  a  clean  cloth.  The  glasses  should  never  he  grasped  at  their  surfaces, 
but  only  at  the  cdgvs. 

The  finger-tip  is  most  convenient  for  a  draught  of  human  blood.  Should 
we  desire  to  examine  our  own  blood,  we  would  select,  of  course,  a  finger  of 
the  left  hand.  The  finger-tip  is  thoroughly  cleansed  with  water  and  snap, 
rinsed  again  in  water  and  rubbed  dry  with  a  clean  cloth.  The  stab-wound  Ls 
made  with  a  microscopic  lancet,  previously  sterilized  by  heat.  The  flaine  mu*it 
not  be  luminous,  as  otherwise  the  specimen  will  be  soiled  with  soot;  a  Bunsen- 
burner  is  beat  for  the  purpose.  After  the  needle  has  cooled,  we  make  a  rapid 
substantial  puncture,  compressing  the  finger  slightly  on  both  sides.  The 
first  drop  is  shaken  off,  the  second  is  caught  on  the  cover-glass,  the  latter 
being  held  with  forceps  and  immediately  placed  on  a  slide,  specimen  side 
down.  After  quickly  scaling  the  cover-glass  with  lac,  the  specimen  is  ready 
for  examination. 

Red  Hhod  CorputcUn. 

Under  low  power  we  select  a  field  suitable  for  our  work,  i.e.,  a  place  where 
the  layer  of  blood  is  not  too  thick,  and  at  once  proceed  to  examine  it  with 
,  the  immersion-lens.  The  entire  field  appears  filled  with  small  round  bodies, 
\  the  red  blood  corputcles  or  erythrocytes.  The  attribute  "red"  seems 
not  justified  in  our  specimen.  The  color  of  the  corpuscles  is  a  very  light 
yellowish  brown;  only  when  «  thick  layer  is  present  they  appear  reddish. 
They  rarely  lie  single,  hut  generally  in  larger  amounts,  and  they  show  a 
desire  to  fonn  long  tortuous  chains  (gr). 

Examining  a  single  corpuscle,  we  find  that  it  is  regularly  circular,  the 

centre  lieing  lighter  than   the  periphery,  or  rice  xvna.     Another  corpuscle 

I  will    appear    entirely    different:    narrow,    elongated,    biscuit-shaped;    l>etween 

e  two  extremes  all  forms  of  transitional  shapes  are  seen.     From  these  ob- 
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servations  wo  can  conclude  th«t  thi'  nd  blood  corpuscles  arc  discs,  having  a 
thinner  centre  and  thickened  eiip's,  so  that  our  circular  forni  represents  the 
surface  view,  the  biscuit  shape  the  side  view.  Thus  we  can  explain  the  dif- 
ference in  light  between  edge  and  centre.  The  centre  of  the  corpuscle  acts 
as  a  biconcave  lens,  whJie  the  edge  has  the  properties  of  a  biconvex  or  col- 
lecting lens.  If  we  bring  the  lower  surface  in  focus,  the  centre  will  be  light 
and  the  rim  dark;  if  we  focus  for  the  upper  surface  the  reverse  will  take 
place,  because  the  focus  of  the  concave  lens  is  situated  below,  that  of  the  con- 
vex lens  above  the  corpuscle,  speaking  from  the  point  of  view  of  the  observer. 

In  forming  chains,  the  red  hinod  corpuscles  lie  edge  on  edge,  surface 
against  surface,  like  the  single  coins  in  a  stack  of  money.  Hence  we  speak 
of  a  money-Mtack  formation  or  rouleaux  formation  of  the  red  blood 
corpusclej  {gr). 

Besides  the  disc-shaped  erythrocytes  we  also  find  corpuscles  which  have 
been  so  much  indented  that  the  disc  has  given  way  to  a  cup.  The  sig- 
nificance of  this  phenomenon  will  be  discussed  later  (npf). 

White  Blood  Corpuscles. 

Among  the  masses  of  erythrocytes  we  sec  now  and  then  corpuscles  which 
are  essentially  different.  Their  number  varies,  one  generally  being  counted 
to  several  hundred  erythrocytes.  Their  jimst  striking  feature  is  that  they 
do  not  appear  yellow  but  are  colorless,  having  a  faint,  bluish  lustre.  These 
arc  the  white  blood  COTpUtdet  or  leukocytes.  Our  picture  shows 
three  such  corpuscles  {leuc).  Their  size  varies;  at  times  they  are  smaller, 
other  times  larger  than  the  erythrocytes.  Their  shape  is  also  different:  they 
are  not  disc-shaped,  but  globular.  The  most  important  difference  lies  in  the 
fact  that  they  have  a  nucleus.  It  cannot  always  he  seen  in  the  fresh  speci- 
men on  account  of  granules,  which  often  fill  the  cell-body  and  may  hide  the 
nucleus. 

Change  in  the  Blood 
Corpuscles  After  the 
Addition  of  Acetic  Acid. 

In  order  to  convince  ourselves  of  the  absence  of  a  nucleus  in  the  ery- 
throcytes and  the  presence  of  one  in  the  leukocytes,  we  scratch  off  the  lac 
on  two  opposite  points  of  the  cover-glass  and  through  one  of  the  openings 
introduce  a  small  drop  of  1%  acetic  acid,  applying  a  small  strip  of  filter 
paper  to  the  opposite  opening.  Examining  the  specimen  now,  we  find  the 
corpuscles  swimming  in  a  strong  current ;  at  the  same  time  the  erythrocytes 
lose  their  color  entirely,  their  coloring  matter,  the  haemoglobin,  being 
bucked  out  by  the  thin  acid;  they  become  fainter  and  finally  disappear  almost 
entirely;  we  then  speak  of  hlood  whodoWM.  The  white  blood  corpuscles 
act  altogether  differently.  They  do  not  enter  into  the  stream  with  the  red, 
but  adhere  to  the  slide,  now  and  then,  perhaps,  rolling  a  short  distance.  The 
erythrocytes  becoming  more  and  more  indistinct,  they  are  easily  recognized, 
so  that  we  may  now  form  an  idea  as  to  their  number.  The  nucleus  in  each 
white  blood  corpuscle  becomes  more  or  less  prominent,  due  to  the  action  of 
the  acetic  acid;  the  various  shapes  of  nuclei  can,  however,  be  much  better 
recognized  in  the  fixed  and  stained  specimen. 


Effect  Produced  on  Ike 
Blood  Corpiiselea  bg 
Hypertonic   and   Hypotonic 
Solutions. 

If  a  1.5%  solution  of  table  salt  is  used  instead  of  the  acetic  acid,  the 
ery  til  roc  J  tea  will  becomo  irregular.  The  hotly  will  show  jagged  processes. 
These  mulberry  or  morning  star  thapet  are  caused  by  shrinking,  the 
latter  being  due  to  an  exudation  of  water  from  the  body  of  the  erythrocyte 
into  the  hypertonic  solution.  The  opposite,  viz.,  a  distention,  sweUing  of  the 
corpuscles  can  be  induced  by  the  addition  of  a  hypotonic  solution,  e.g.,  0.8% 
aalinc  solution. 


Fiff.  81. — Human  Blood 

600,      Smear.      Osmic    acid    vapors.      Azureosin    solution. 

The  simplest  method  for  the  preparation  of  a  good,  lasting  blood  speci- 
men consists  in  making  a  thinly  spread  blood-smear  and  fixing  the  same  with 
osmic  acid  vapors.  For  this  purpose  wo  do  not  catch  the  drop  of  blood  with 
the  cover-glass,  but  with  the  slide,  cleansed  in  the  manner  previously  men- 
tioned. A  cle^n  glrss  rod  is  then  placed  flatly  on  the  slide  into  the  drop  of 
blood  and  stroking  to  either  side  the  drop  is  spread.  The  slide  is  now 
quickly  inverted  over  c.  flat  dish,  containing  2-3  cm*  of  a  2%  solution  of 
osmic  acid.  The  dish  should  be  so  small  as  to  be  entirely  covered  by  the 
slide.  After  half  a  minute  the  fixation  is  completed,  and  the  specimen  can 
Ik-  stained  in  azureosin  solution  (p.  67).  After  fifteen  minutes  have  elapsed 
We  rinse  in  water,  dry  the  specimen  and  mount  it  in  Canada  balsam. 

FanehVd  of  White  Blood 
t'orpusclft. 

The  erythrocytes  appear  in  our  specimen  as  pale,  bluish  green,  round 
or  sometimes  irregular  discs  {eri/c).  The  leukocytes  present  different  forms. 
The  most  common  arc  those  which  only  slightly  excel  the  erythrocytes  in 
size,  but  arc  immediately  difTerentiated  by  the  presence  of  a  nucleus,  which 
is  characterized  by  a  great  variety  in  shape:  it  has  two  or  three  segments 
and  may  appear  like  a  handle,  sausage  or  clover,  often  being  divided  into 
different  fragments,  which  are  connected  by  thin,  thready  bridges.  The  cell- 
body  contains  pale  blue  gr;inules.  These  corpuscles  are  called  the  ||ei|* 
tropkUic  leukocytes  (/euc..).  Eosinophilic  leukocytes  (.lew:^)  are 
much  rarer  in  the  human  blood;  their  body  is  elmracteri/.ed  hy  the  presence 
of  numerous  bright  red  and  quite  coarse  granules.  They  are  generally 
slightly  larger  than  the  preceding  variety,  but  show  no  essential  difference  in 
the  form  of  their  nuclei.  The  largest  cells  in  human  blood  are  the  large 
mononuclear  leukocytes.  They  are  relatively  rare,  two  representatives 
being  present  in  our  picture  (/ttw,).  The  nucleus  is  round,  oval  or  slightly 
indented.  The  blue  cell-body  contains  no  granules.  The  smallest  variety  of 
white  blood  corpuscles  are  the  lymphocytes  {'^c).  They  arc  a  trifle  larger 
than  the  erythrocytes,  contain  a  round  nucleus,  which  almost  entirely  fills  the 
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cell,  «nd  have  no  granulation.  In  frequency  they  rtiiigc  after  the  neu- 
trophilic leukocytes.  Finally  we  may  mention  n  last  VRriety,  which  does  not 
appear  in  our  picture  and  is  only  rarely  found  in  human  blood,  the  most- 
cellt,  which  we  have  already  met  while  studying  connective  tissue. 

Aside  from  red  and  white  blood  corpuscles  our  specimen  presents  a  third 
morphological  feature  of  the  blood,  the  blood-platelets  (bpl).  They  are 
much  smaller  than  the  erythrocytes,  occur  in  various  forms  and  are  fre- 
quently found  in  small  groups  or  heaps.  In  their  interior  one  or  more  deep 
blue  granules  are  found,  which  have  also  been  interpreted  as  nucleus. 


Fig.  82.— Human  Blood 

600.     Smear.     Osmic  acid.     Biondi  solution. 

If  the  vitality  of  the  corpuscles  be  destroyed  more  rapidly  than  was  the 
case  in  the  last  specimen,  the  shape  of  the  erythrocytes  will  be  altered  in  a 
different  manner.  The  procedure  is  the  same  as  before,  excepting  that  the 
slide  to  be  used  is  previously  exposed  to  osmic  acid  vapors.  The  blank  slide 
is  placed  for  several  minutes  over  the  vessel  containing  the  osmic  acid,  and 
the  smear  is  made  on  the  same  surface  of  the  slide  which  had  been  exposed 
to  the  vapors.  The  smear  is  again  placed  over  the  acid  for  about  twenty 
seconds.  As  staining  fluid  we  will  not  use  the  azurcosin  this  time,  but  BiontH 
solution  (p.  67)  instead. 

Cup-Shaped  Red 
Blood  CorputeloB. 

While  the  preceding  specimen  may  have  shown  a  few  stray  cup-shaped 
corpuscles,  the  greater  number  of  the  red  cells  have  taken  on  such  form  in  this 
smear.  The  same  shape  is  occasionally  observed  in  circulating  blood,  so  that 
we  might  consider  the  cup-shape  or  bell-shape  as  the  actual  vital  form  of  the 
corpuscle. 

The  Biondi  preparation  also  brings  out  the  various  forms  of  leukocytes 
very  prettily,  giving  us  opportunity  to  compare  and  supplement  our  findings 
in  the  preceding  specimen. 
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PLATE  33 

Fig.  83. — ^Arteries  and  Capillaries  from  the  Pia  Mater  of  the 

Sheep 

Fig.  84. — Capillary  from  the  Pia  Mater  of  the  Sheep 
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III.    THE  ORGANS 

1.  THE   CIRCULATORY  ORGANS 

Fig.  83. — Arteries  and  Capillaries  from  the  Pia  Mater  of  the 

Sheep 

85.  *     %.     Surface  specimen.      Silver  nitrate. 

To  study  the  vascular  anastomosis  and  structure  of  the  vessels  we  select 
the  pia  mater  of  any  of  our  larger  domestic  animals.  We  can  obtain  and 
prepare  it  in  the  manner  described  on  p.  II,  59,  and  stain  it  with  hsmalum ;  a 
better  result  will  be  obtained  by  previously  injecting  a  1%  solution  of  silver 
nitrate.  We  proceed  as  follows:  The  head  of  a  slaughtered  dnimal,  prefer- 
ably a  sheep,  is  injected  with  the  solution  through  the  internal  carotid  artery. 
For  this  purpose  we  locate  the  artery  on  both  sides,  which  is  not  always  an 
easy  task,  owinir  to  the  retraction  of  the  organ.  A  cannula,  armed  with  rub- 
ber tube  and  pinch  cock  and  filled  with  the  silver  solution,  is  inserted  and  tied 
in  each  of  the  two  vessels.  Now  we  look  for  the  severed  ends  of  both  jugular 
veins  and  mark  them  with  haemostats  and  finally  close  the  vertebral  canal  by 
stuffing  with  cotton  tampons.  In  the  manner  described  on  p.  II,  47,  a  funnel  is 
connected  by  a  rubber  tube  to  one  cannula,  or  preferably  by  a  T-shaped 
glass  tube  to  both  cannula?,  and  the  silver  solution  injected  into  the  carotids 
under  very  light  pressure.  As  soon  as  the  solution  returns  by  the  jugulars 
the  latter  are  closed  with  the  clips  and  additional  50  cm*  of  the  solution  are 
injected  with  very  little  pressure.  In  from  fifteen  to  twenty  minutes  after 
the  completion  of  the  injection  the  veins  and  arteries  are  opened  to  allow 
the  excess  solution  to  escape.  The  cranium  can  now  be  opened  and  the  speci- 
men prepared  in  the  manner  discussed  on  p.  II,  59.  It  is  advisable  to  wear  rub- 
ber gloves  for  this  work.  After  opening  the  skull  and  dividing  the  dura 
mater  the  surface  of  the  brain  appears  colorless,  yet  slightly  milky.  Very 
soon  the  reduction  of  the  salt  will  take  place  and  the  specimen  assumes  a 
brown  color.  The  pieces  of  pia,  mounted  on  a  wax  plate,  should  be  left  in  a 
large  basin  of  water  overnight,  then  dehydrated,,  cut  into  suitable  pieces  and 
after  applying  xylol  be  mounted  in  balsam.  The  nuclei  can  be  previously 
stained  with  ha^malum,  but  little  is  gained  by  this  procedure  and  the  speci- 
men is  apt  to  lose  in  transparency. 

The  Branching  of 
the  Vessels. 

Our  transparent  specimen  enables  us  to  macroscopically  distinguish  the 

larger  vessels  with  their  branches,  which   appear  as  yellowish  brown  lines. 

Fig.  88  shows  a  piece  of  a  small  artery  under  low  power.    Numerous  branches 
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of  varying  sizes  spring  from  the  main  trunk,  the  branches  dividing  in  turn 
into  smaller  ones  and  ending  in  very  fine  tubules,  the  capiUarieM.  The  lat- 
ter anastomose  among  themselves,  forming  a  network  of  delicate  vessels,  the 
capillary  net,  from  which  the  small  veins  develop.  We  also  learn  from  our 
specimen  that  the  larger  branches  of  the  arteries  anastomose,  so  that  the 
blood-stream  may  reach  the  capillary  net  in  many  ways.  Such  is  not  the 
case  everywhere,  e.g.,  in  the  spinal  cord  the  arteries  do  not  anastomose,  the 
capillaries  only  communicating  among  themselves.  Arteries  which  do  not 
anastomose  are  called  endartericM. 

Structure  of  the  Vessel-Wall. 

Low  power  already  shows  a  structural  design  in  the  vessel-wall,  finer  and 
coarser  dark  brown  lines  running  either  longitudinally  or  transversely  to  the 
direction  of  the  vessel.  In  the  larger  branches  the  transverse  lines  are  most 
prominent.  The  smaller  the  branches  are,  the  more  predominates  the  longi- 
tudinal striation.  We  shall  proceed  to  make  a  close  study  of  some  of  the 
parts  of  our  specimen  under  higher  power. 

Fig.  84. — Capillary  from  the  Pia  Mater  of  the  Sheep 

(Place  marked  6  in  Fig.  83.)     300. 

Stmcture  of  the 
Capillary  Wall, 

First  let  us  select  the  place  marked  6  in  our  picture,  which  represents 
a  capillary  springing  from  a  small  arterial  branch.  The  net-shaped  structure 
of  the  wall  strikes  our  eye  immediately,  reminding  us  of  Fig.  20,  the  flat 
mesenteric  epithelium.  We  have  here  similar  cells,  which  have  been  ex- 
quisitely outlined  by  the  silver  salt  having  been  reduced  by  the  cement  sub- 
stance. The  vascular  epithelium  consists  of  thin  flat  cells  of  varying 
shape,  mostly  elongated,  the  two  ends  being  drawn  out  to  })oints.  Their 
long  axis  coincides  with  the  longitudinal  axis  of  thu  vessel;  thev  are  con- 
nected among  themselves  by  serrated  edgt^s.  Where  several  cells  come  in  con- 
tact, viz.,  at  the  crossing  points  in  the  network,  the  cement  substance  is 
present  in  larger  amounts.  Such  })laces  have  received  the  name  of  stomata. 
This  is  where  the  migrating  cells,  which  we  have  so  often  met  in  the  tissues, 
are  supposed  to  leave  their  vessel.  By  changing  our  focus  repeat edlv  we 
convince  ourselves  that  this  flat  epithelium  forms  the  inner  lining  of  the 
capillary  lumen.  Ordinarily  this  epithelial  lining  of  the  vascular  system  is 
called  endothelium.  Externally  to  the  epithelium  the  capillary  wall  is 
strengthened  by  a  pale  yellow  layer,  the  adventitia  capillaris^  in  which 
we  cannot  detect  any  structural  details.  Opinion  is  divided  as  to  the  compo- 
sition thereof.  Some  declare  it  to  he  composed  of  connective  tissue,  others 
claim  it  to  consist  of  a  network  of  contractile  cells. 
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PLATE  34 

Fig.  85. — Smallest  Artery  from  the  Pia  Mater  of  the  Sheep 
Fig.  86. — ^Artery  from  the  Pia  Mater  of  the  Sheep 


Fig.  85.^Siiialleit  Artery  from  the  Pia  Mater  of  the  Sheep 

(Marked  +  in  Fig.  83.)      300. 
Ismail  A  rlerieg. 

Selecting  the  small  arterial  branch  (  +  ),  froin  which  the  capillary  arose, 
we  find  that,  besides  the  net-formed  epithelial  structure,  there  is  a  transverse 
miirking  present.  The  epithelial  tube  is  enclt^ed  by  rings  of  smaller  or 
larger  calibre.  If  we  focus  the  wall  of  the  vessel  thev  appear  as  narrow 
fibres,  their  tapering  ends  joining;  if  the  centre  of  the  vessel  is  focusscd  we 
see  these  fibres  in  optical  cross- sect  ion.  They  are  arranged  in  a  single  layer 
closely  under  the  epithelium,  each  distinctly  separate  from  the  other  and 
almost  circular  in  cross- section.  This  form,  however,  does  not  correspond  to 
conditions  during  life,  when  they  are  closely  npproximated  and  of  irregulaj; 
shape.  We  must  therefore  consider  our  specimen  shninken,  due  to  the  action 
of  the  silver  nitrate.  The  fibres  are  embedded  in  a  hiyer  similar  to  the  ad- 
veatitia  capillaris,  which  extends  to  form  the  outer  covering.  The  fibres  are 
Mtnooth  matcle  fibres,  which  arc  the  essential  factors  in  the  elasticity  of  i 
the  vessel.  We  thus  have  three  layers  in  these  small  arterial  branches, 
the  innermost  tunica  intima,  made  np  of  a  single  layer  of  flat  epithelium; 
coTering  this  the  tunica  media,  consisting  essentially  of  the  smooth  mus- 
cle fibres,  and  finally  the  tunica  adventitia,  which  forms  the  outer  layer 
and  also  serves   for  connection  with  neighboring  orgfins. 


Fig.  86.~  Artery  from  the  Pia  Mater  of  the  Sheep 

(Marked  X  in  Fig-  83.)     300. 

We  will  finally  examine  the  trunk  artery  itself  and  find  that  the  wall 
shows  the  same  structural  conditions  as  the  previous  one,  but  with  the  in- 
creasing calibre  of  the  vessel  the  wall  has  become  thicker;  this  increase  in 
thickness  has  mainly  affected  the  media  and  adventitia.  Instead  of  a  sin^e 
layer  of  smooth  muscle,  the  media  now  contains  five  or  sis.  Externally  to 
the  media  we  recognize  an  adventitia  of  considerable  dimension. 


/\ 


I 


PLATE  35 

Fig.  87. — Small  Blood- Vessels  from  the  Carpus  of  a 

Fig.  88.— Transverse  Section  through  the  Human  Internal 

Carotid  Artery 

Fig.  89. — Longitudinal  Section  through  the  Human  Femoral  Vein 


jTk 


Fig.  87. — Small  Blood-Vessels  from  the  Carpus  of  a  Child 

125.     Formalin.     Frozen  section.     Iron  hnematoxylin,  resorcin  fuchsin, 

picrofuchsin. 

A  detailed  study  of  the  structure  of  vessels  shall  be  made  on  a  few  addi- 
tional frozen  sections.  Small  arteries  and  veins  can  be  found  in  all  our 
sections.  Very  instructive  and  otherwise  (structure  of  tendons,  cartilage, 
nerves,  etc.)  interesting  specimens  are  furnished  by  sections  through  the 
carpus  of  newborn  or  very  young  infants.  The  carpal  bones  at  that  time 
are  still  purely  cartilaginous,  .so  that  sections  can  be  readily  made  on  the 
freezing  microtome,  after  the  hand  has  been  severed  at  the  wrist- joint  and 
fixed  in  formalin.  The  sections  are  stained  for  fifteen  minutes  in  iron  hema- 
toxylin (p.  57),  rinsed  in  h^'drant  water  and  transferred  to  70%  alcohol. 
From  the  latter  they  are  taken  and  placed  in  resorcin  fuchsin  (p.  63)  for 
twenty  minutes,  thoroughly  rinsed  in  alcohol  95%  until  no  more  of  the  dye 
is  given  off,  and  thence  transferred  to  picrofuchsin  (p.  66).  After  five  to 
ten  minutes  they  are  brought  to  70%  alcohol,  to  remove  the  excess  dye,  de- 
hydrated and  mounted  in  balsam. 

Structure  of  a  Small  Artery, 

Fig.  87  shows  the  cross-sections  of  three  larger  vessels.  In  the  centre  wcj 
see  an  artery,  the  lumen  of  which  is  entirely  empty  (a).  We  immediately 
recognize  our  three  coats.  The  intima  (i)  is  represented  by  a  pale  yellow 
line,  forming  the  border  of  the  lumen  and  containing  a  row  of  nuclei;  of 
course  we  have  here  our  endothelium.  The  intima  is  bounded  by  a  tortuous 
line,  the  eloMtica  interna*  It  has  stained  black  in  the  resorcin  fuchsin, 
thus  distinctly  showing  its  elastic  nature.  We  therefore  find  our  intima  con- 
sisting of  epithelium  and  elastica,  to  which  may  be  added  a  small  amount  of 
collagenous  fibres,  which  are  not  shown  here. 

Going  outward  we  next  find  the  media  (wi).  The  circular  muscle  fibres 
with  their  elongated  black  nuclei  have  stained  bright  yellow  in  the  picric  acid. 
Between  the  yellow  muscle  fibres  we  distinguish  small  amounts  of  red  col- 
lagenous and  black  elastic  fibres. 

There  is  a  distinct  line  of  demarcation  between  the  media  and  advenr 
titia  («rfr).  The  latter  consists  essentially  of  connective  tissue;  between  the 
fibres  we  see  nuclei  of  fibroblasts,  but  also  elastic  fibres,  partly  longitudinally, 
partly  in  cross-section. 

Structure  of  a  Small  Vein. 

On  either  side  of  the  artery  we  see  two  vessels  (i?),  which  offer  an  en- 
tirely different  aspect.  They  arc  veinM,  the  lumen  of  which  is  filled  with 
blood,  this  being  the  rule,  as  the  arteries  by  the  postmortal  contraction  of 
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tlidr  nnudet  empty  tUe  gtoiter  part  of  tiw  blood  into  the  •mOM.  Ai  com- 
pkTcd  with  the  uierici,  we  find  littk  •egiegatioii  of  the  UTen  in  the  tcsb*. 
We  hmve  an  iutJmU  (0*  ^^  ^  eminatt  exekuiwiij  of  the  epithdinm  amd 
poiiewM  no  tiiuHl^  intono.  At  the  fint  j^uiee  we  miu  the  madia  (w) 
entirdy.  Onlj  by  doee  obfleiration  can  we  jrtognim  ezternally  to  the 
«pitheliain  a  narrow  ring  of  yellow  nnude  fibre,  wliieb  repreeents  the  entire 
media.  Hie  ilrfiwifi'fiii  (adv)  takes  the  lion'a  ihare  of  the  Tend-wall,  being 
made  up  ahnoet  ezdnsirdy  of  cooneetire  timie,  only  very  few  elastic  fiwes 
bang  present  in  contradistinction  to  the  arterial  adrentitia. 

We  dionld  modify  our  findings  by  saying  that  the  veins  Tary  in  stnieture 
.  quite  a  good  deal  in  differoit  parts  of  the  body*  and  that  among  mednm- 
siscd  veins  we  find  sndi  as  have  a  better  devdoped  media  and  intima;  stteh 
is  the  case  in,  e.g.,  the  vans  of  the  lower  extremities. 

Aside  from  these  three  larger  vessds  our  cot  shows  the  transverse  seetioa' 
of  a  very  small  artery  (^)  with  distinct  nmsenlar  layer,  and  also  two  small 
nerves  (•)  in  section. 


Fig.  8&— Tnmvcne  Section  thimgh  dm  Hubhui  Intwunl 
Cwotid  Artary 

18B.    94.    Formalin.    Fimen  section.    Iron  hamatoK^in,  lesorein,  fndisin, 

picrofdehsin. 
Stnieiun  of  s  £«v«  Aritrj/. 

Ai  a  type  of  a  large  artery  we  select  the  internal  carotid  of  man.  Tie 
vessel  is  fixed  in  formalin,  frozen  sections  are  made  and  stained  in  the  manner 
described  before. 

Corresponding  to  the  increase  in  calibre  of  the  vessel,  the  media  has 
attained  considerable  size ;  likewise  has  the  intima  become  more  extensive. 
In  the  latter  we  can  distinctly  recognize  a  layer  separating  the  epithelium 
from  the  eloMtica  interna,  made  up  of  fine  collagenous  fibrils,  which  are 
cut  transversely,  hence  must  he  arranged  longitudinally. 

In  the  media  wc  arc  above  all  surprised  at  the  increase  in  eloMtlC  ti$- 
me;  the  clastic  fibres  have  not  only  increased  in  number  but  also  in  size. 
Longitudinal  sections  will  show  that  the  greater  part  of  our  transverse  sec- 
tions arc  not  fibres  but  lamells.  Thus  we  are  dealing  with  concentrically  ar- 
ranged eliutic  lamellae,  though  wc  also  find  elastic  fibres,  isolated  or  ar- 
ranged in  net-form.  We  may  therefore  say  that  the  elastic  element  increases 
correspondingly  with  the  calibre  of  the  vessel,  attaining  its  greatest  develop- 
ment in  the  aorta,  where  it  exceeds  the  nmseuloT  layer  by  far,  replacing 
the  latter  entirely  at  the  root  of  the  aorta.  Besides  elastic  and  muscular 
tissues,  the  media  of  the  liirge  arteries  also  contains  a  large  amount  of  col~ 

lagenoua  Rbret. 

The  media  is  sharply  divided  from  the  adventitia.  An  elastic  bounding 
Unulla  has  formed,  the  eloMtlca  externa  (elext).  The  adventitia  has 
changed  but  little.  It  contains  scanty  elastic  fibres  and  shows  numerous 
luinina  of  vessels   (I'.n.).     Tht;  latter  are  transverse  sections  of  the   vOMtt 


OOMorum,  wKich  Mupiily  nourUhmcnt  to  IIk'  vuscular  wnll.  Nervet  (n), 
too,  are  found  m  the  adventitia;  they  are  symputhetic  in  nature,  vasomotor, 
and  supply  principally  the  muscles  of  the  media. 


Fig.  89. ^Longitudinal  Section  through  the  Human  Femoral  Vein 

55-     %.     Formalin,      Frozen  section,     Resorcin   fuohsin,   iron  ho-mutoxylin, 
picrofuchsin. 

The  femoral  vein  is  a  good  representative  of  the  large  veins;  a  fairly 
long  piece  is  excised,  slit  longitudinally,  secured  on  a  wax  plate  with  needles 
and  fixed  in  fornialih.  The  following  day  pieces  of  the  wall,  including  a 
valve,  are  excised,  transferred  to  5%  formalin  and  frozen  sections  made 
thereof  parallel  to  the  longitudinal  axis  of  the  blood-vessel.  The  sections  are 
stained  in  the  same  manner  as  the  preceding  specimens. 

atruclure  of  Ihf  Valvfs 
of  VfiiM. 

We  find  here  a  similar  state  of  affairs  as  we  have  seen  in  the  small  veins; 
the  different  coats  of  the  wall  merge  without  any  distinct  line  of  demarcation. 
In  ciiiitnidistiiiction  to  Uie  smaller  this  Urge  vein  is  exi|uisitely  strong  in 
muscular  tissue.  With  a  view  to  topographical  relationship  we  must  needs 
notice  at  once  the  valve,  which  arises  by  a  broad  base  from  the  wall  of  the 
vein,  projecting  in  a  tapering  curve  into  the  lun)en  of  the  vessel.  The  free 
edge,  which  would  be  represented  by  the  apex  of  the  process,  is  not  shown  in 
our  picture.  The  valve  describes  a.  curve,  the  convexity  of  which  is  toward 
the  peripheral  extremity  of  the  vein,  the  concavity  being  toward  the  heart. 
TiiP  space  between  the  concavity  of  the  valve  and  the  wall  of  the  vein  has 
been  called  the  ginUB  of  the  Volve  (W«). 

To  study  the  structure  of  the  wall  of  the  vein,  we  will  begin  within  and 
go  outward.  The  inttma  {»)  shows  a  fairly  .strongly  developed  network  of 
elastic  fibrils  underneath  the  epithelium  at  the  lower  part  of  our  picture, 
which  is  continued  at  the  convex  surface  of  the  valve,  hut  not  at  the  concave 
nirfpice,  so  that  wc  can  always  easily  differentiate  which  is  the  peripheral  and 
which  the  central  surface  of  the  valvf.  On  the  latter  the  intima  merely 
consists  of  epithelium.  Only  where  this  surface  joins  the  base  of  the  valve 
the  elastic  fibres  begin  to  reappear  and  gradually  increase  in  number  until 
I  the  next  valve  is  reachcd- 

The  media  acts  nmcb  the  same  way.     It  increases  CLntrally  toward  the 

live,  reaching  the  maximum  slate  of  development  at  the  base  of  the  valve. 

Jit  is  comjiosed  of  circular  nmscle  bundles,  separated  by   well-developed   col- 

^■nous  and  very  scanty  elastic  6bres.     In  the  veins  wc  never  find  such  an 

^accomplished  elastic  cout  as  we  have  seen  in   the  large  arteries.      From  the 

(Imsc  of  the  valve  the  muscle  bundles  can  be  traced  into  the  valve  itself  for 

t  distance,  but  they  rapidly  grow  thinner  and  scantier  and  finally  disap- 

lear  altogether,  so  that  the  built  of  the  valvular  wall  consists  simply  of  col- 

mous  tissue  containing  a  few  elastic  fibres.    On  the  other  side  of  the  valve 
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the  media  becomes  considerably  thinner  and  only  gradually  increases  in  mus- 
cular tissue. 

Without  any  distinct  boundary  the  media  merges  into  the  advenHHoL 
(adi')y  the  only  particular  feature  of  the  latter  being  the  presence  of  irregu- 
larly distributed,  longitudinal  muscular  bundles.  It  is  made  up  largely  of 
collagenous  material,  but  also  contains  a  moderate  amount  of  elastic  fibres. 
In  numerous  places  we  can  see  the  vessels  {bg)^  which  supply  the  nourish- 
ment to  the  vessel-wall. 


PLATE  36 

Fig.  90. — ^Transverse  Section  through  the  Human  Vena  Cava 

Inferior 

Fig.  91. — ^Transverse  Section  through  the  Wall  of  the  Right 

Ventricle  of  a  Child 
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Fig.  90. — ^Transvene  Section  through  the  Human  Vena  Cava 

Inferior 

125.     ^(.     Formalin.     Frozen  section.     Iron  lueinatoxylin,  resorcin  fuchsin, 

picrofuchsin. 

Structure  of  the 
Vena  Cava, 

A  last  specimen  shall  give  us  some  information  regarding  the  structure 
of  the  vena  cava.  The  preparation  does  not  differ  in  any  respect  from  that 
of  the  preceding  specimens. 

The  intitna  (i)  is  very  thin,  but  has  a  distinct,  although  thin  and  in- 
complete, elastica  interna  (elint).  The  tnedia  {m)  is  well  developed,  and 
besides  some  scanty  elastic  tissue  contains  a  considerable'  layer  of  circular 
muscle  fibres.  It  merges  without  any  distinct  boundary  line  into  the  a</- 
Ventitia  (adv)^  in  which  we  find  powerful,  transversely  cut  bundles  of 
smooth  muscle  (ml).  The  bundles  are  framed  in  elastic  fibres,  running 
longitudinally  imd  obliquely.  Between  the  niusclo  bundles  strong  strands  of 
connective  tissue  appear,  mingled  with  elastic  fibres. 

Fig.  91. — Transverse  Section  through  the  Wall  of  the  Right 

Ventricle  of  a  Child 

35.     %.     Formalin.      Frozen   section.     Iron   ha?matoxylin,   resorcin   fuchsin, 

picrofuchsin. 

We  have  selected  the  heart  of  a  child  for  demonstration  of  the  structure 
of  the  heart;  it  is  best  to  fix  it  in  toto  bv  injection.  The  heart  is  removed 
shortly  after  death,  as  nmch  of  the  aorta  being  included  as  possible.  A  wide 
cannula  is  introduced  into  the  latter  and  warm  Hinger^s  solution  is  injected 
under  slight  pressure  (p.  25).  If  a  specimen  has  been  taken  from  an  animal 
iiiiiiiediately  after  death,  the  fluid,  flooding  the  heart  muscle  through  the 
coronary  vessels,  will  produce  wcll-regulatwl  contractions.  After  about  100 
cm"*  of  the  fluid  have  been  injected  the  latter  is  replaced  by  a  10%  solution 
of  formalin  and  the  hardened  organ  is  now  suspended  in  a  large  quantity  of 
the  solution.  After  two  days  small  pieces  are  excised  from  the  different 
regions,  tninsfiTred  to  5%  formalin  and  sectioned  on  the  freezing  microtome. 
The  sections  arc  stained  in  the  same  manner  as  were  the  arteries  and  veins. 

Strurturt'  of  thr' 
Cnrdinr    WaU, 

'Vo  gain  a  more  general  aspect,  we  have  selected  the  right  ventricle  for 
examination.     Externally  we  find  the  ventricular  wall  surrounded  by  a  layer, 
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consisting  mainly  of  connective  tissue,  the  epicordium  (fpc),  which  Uclcs 
development  in  the  infftntile  heart,  but  attains  a  considerable  thickness  in  the 
adult.  The  cpicardium  is  separated  from  the  pericardium  by  a  simple  layer 
of  flat  cells.  Beneath  this  epithelium  we  come  to  a  stratum  of  elastic  fibres, 
which  are  likewise  found  between  the  collagenous  fibres  throughout  the  epi- 
cardium.  They  are  better  developed  in  the  adult  heart,  forming  actually 
elastic  coats.  In  the  epicardium  we  also  find  the  blood-vessels  which  nourish 
the  heart  muscle,  together  with  large  amounts  of  connective  tissue,  protrud- 
ing inward.  Our  picture  shows  two  views  of  a  larger  branch  of  the  right 
coronary  artery  (a)  and  one  of  the  anterior  coronary  vein  (v).  The  epi- 
cardium merges  externally  into  the  pericardium,  which  latter  is  very  similar 
in  structure. 

The  largest  part  of  the  cardiac  wall  is  taken  up  by  the  myocordiuntf 
the  heart  muscle.  The  structure  of  the  fibres  thereof  has  been  considered 
previously  {p.  11,  110).  They  form  smaller  or  larger  bundles.  The  connective 
tissue  separating  them  is  continuous  externally  with  the  epicardium,  inter- 
nidly  with  the  endocardium.  Elastic  fibres  are  rare  in  the  child,  but  increase 
in  number  with  age  to  an  extent  that  they  form  quite  a  prominent  feature 
of  the  adult  myocardium.  The  special  arrangement  of  the  bundles  of  mus- 
cles belongs  to  the  chair  of  descriptive  anatomy;  in  our  specimen  we  can 
simply  speak  of  an  outer  and  inner  layer,  which  have  both  been  divided  trans- 
versely, and  a  median,  which  has  been  cut  obliquely  or  longitudinally. 

The  endocardium  (enc)  finally  forms  the  inner  lining  of  the  cardiac 
wall.  Similar  to  the  intima  of  vessels,  it  consists  of  a  connective  tissue  base, 
which  encloses  varying  amounts  of  elastic  nets  and  lamella-.  In  the  infantile 
heart  they  are  few  in  number;  they  increase  with  years,  becoming  more  pro- 
nounced in  the  auricles  than  in  the  ventricles.  Smooth  muscle  is  also  found 
in  the  endocardium  to  the  extent  in  which  we  discovered  it  in  the  intima.  The 
boundary  against  the  ventricular  cavity  is  formed  again  by  a  simple  layer 
of  flat  cells. 
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PLATE  37 

Fig.  92. — Section  through  the  Base  of  an  Infantile  Heart 
Fig*  93. — Ljnniph-Gland  of  the  Monkey 


Fig.  02. — SeetMB  dmngli  the  Baae  of  wn  In&ntile  Heart 

IS.    %.    Fmnaiin.    Frtweo  tection.    Iron  bamfttoxylmt  rcson-in  fuc)i8 
pieroAKhnB. 
Btrueture  of  ih» 
Aortic  FolvM. 

Sectiona  throu^  the  Iwm  of  the  heart  are  very  inatructivc,  dunonstra^ 
mg  to  us  the  origin  of  the  niaeb  from  the  cardiac  wall.  Fig.  92  («how<i  the] 
middle  portion  of  meh  a  wction,  including  the  origin  of  tlic  norta. 
have  prerioiuly  mentioned*  the  muBCular  element  in  the  aorta  (no)  gives  i 
to  Die  powerfttUy  developed  elastic  tiBsne,  finally  disappeiiring  altogether. 
When  entering  Uie  heart,  this  mass  of  elastic  tissue  divides  into  three  por- 
tions eotresponding  to  the  valves  of  the  aorta,  forming  tliree  pads  {po)t 
which  corer  the-  Talvolar  sinaatt  extemaDj.  Our  section  runs  about  midwajtX 
through  the  slightly  shrunken  valves,  vhich  latter  consist  principallj  of  ctj-V 
lagenoiis  eonneetive  tissue.-  Here  agttin  we  find  circulai-  and  long-Jtudinal 
clastic  fibres*  a  remarkaUe  similantj  in  structure  to  the  valve)^  of  the  veins, 
in&smuch  as  these  fibres  are  most  numerous  <m  that  surface,  whieh  mediiite^ 
the  closure  of  the  valve.  The  surface,  bordering  on  the  sinus  of  the  valve 
wanting  in  elastic  fibres.  The  bundles  of  connective  tissue  are  largely  ar- 
ranged longitudinally,  i.e.,  from  fixed  to  free  edge;  there  are,  however,  some 
few  circular  bundles  present.  The  names  of  the  three  valvular  segments  are: 
left  (i**),  right  (v»d)   and  posterior  (rsp)   semilunar  valves. 

On  the  upper  border  of  our  picture,  on  the  right  hand,  close  to  the  mus- 
cle-bundles inserted  on  that  side  of  the  root  of  the  aorta,  a  part  of  the  origin 
of  the  pulmonary  artery  (pul)  appears,  the  left  semilunar  valve  wgnient 
being  included  (r.s.s.)  in  the  section.  It  shows  very  similar  conditions  as 
found  in  the  aorta.  Going  toward  the  left  we  find,  emhedded  in  the  con- 
nective tissue,  the  latter  coated  by  the  epicardium,  several  transverse  and 
oblique  sections  of  large  vessels.  They  represent  the  bifurcation  of  the  left 
coronary  artery  {act). 

Nerve-CAh  in 
the  Cardiic  Wall. 

We  can  also  observe  the  trunks  of  several  small  nerves  and  masses  of 
ganglionic  ce//s   (ggl)^   which   under   high    power  prove   to    be  multipolar 

cells,  btlonging  to  the  sympathetic  system. 

Furthermore  we  notice  the  left  OUrtcle  (Mi),  the  endocardium  of  which, 
as  previously  mentioned,  is  characterized  by  the  development  of  numerous 
clastic  fibrils.  Its  myocardium  ifyc)  shows  most  of  the  nmscle-hundles  in 
transverse  section. 

U8 
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2.    DUCTLESS  GLANDS 
Fig.  93. — Ljnmph-Gland  of  the  Monkey 

85.      %.     Formalin.      Frozen  section.      Paracarinin,  phosphomolybdic   acid* 

hflematoxylin,  picric  acid. 

For  the  study  of  the  structure  of  the  lymph-node,  a  lymph-gland  of  any 
mammal  or  of  man  may  be  selected.  Fixation  takes  place  in  10%  formalin. 
Frozen  sections  are  made  and,  in  order  to  obtain  a  precise  picture  of  the  col- 
lagenous tissue,  they  are  treated  as  follows:  The  nuclei  are  stained  with 
paracarmin  (p.  55).  Thereafter  we  wash  in  70%  alcohol,  rinse  in  water  and 
place  the  section  for  ten  minutes  in  a  10%  solution  of  phosphomolybdic  acid, 
wash  briefly  in  water  and  stain  for  fifteen  minutes  in  phosphomolybdic  acid- 
hiematoxylin  (p.  57).  After  rinsing  them  in  water,  we  place  the  sections  in 
a  concent rate<l  solution  of  picric  acid  for  two  to  three  minutes,  dehydrate  in 
alcohol  and  mount  in  balsam.  The  nuclei  will  take  the  red,  the  collagenous 
tissue  a  bluish  black,  and  the  erythrocytes  the  yellow  stain. 

The  Lymph-Gland. 

Externally  the  organ  is  surrounded  by  a  capMole  {k)  containing  numer- 
ous closely  packed  collagenous  fibres,  appearing  therefore  deep  blue-black  un- 
der low  power.  Now  and  then  we  find  within  the  latter  collections  of  fat* 
edit  (/)  of  varying  sizes,  also  slitlike  lymph-vessels  and  blood-vessels  (blg)^ 
which  enter  the  gland  at  that  point.  The  capsule  sends  processes,  containing 
collagenous  fibres,  into  the  gland,  the  so-called  trabecula?  (fr),  which  ramify 
in  the  interior  of  the  organ,  forming  a  network.  The  amount  of  collagenous 
fibres  contained  in  these  trabecular  varies,  as  our  specimens  show,  being  great- 
est when  near  a  blood-vessel  (tr,).  The  latter  follow  the  course  of  the 
trabecula  from  the  capsule  to  the  medulla  of  the  gland,  their  advent itia  help- 
ing to  strengthen  the  collagenous  framework  of  the  organ. 

The  second  principal  component  of  the  organ  is  the  pcnrenchynui f  it  i» 
composed  of  reticttlcUT  connective  ti99Ue,  Huch  as  we  have  met  in  a 
previous  specimen  (p.  II,  68),  and  lyntph^dls,  which  are  situated  in  the 
meshes.  We  designate  such  reticulated  connective  tissue,  infiltrated  with 
lymphocytes,  as  adenoid  tissue*  Corresponding  to  the  trabecular  sys- 
tem the  parenchyma  is  divided  into  an  outer  superficial  layer,  the  cottex 
(r)  and  a  medulla  (w)»  filling  the  interior  of  the  gland.  Within  the  cor- 
tex the  parenchyma  forms  the  corticcd  follicles  (rfo)^  pyriform  masses, 
separated  from  each  other  by  trabecula?.  The  rounded  base  is  directed  toward 
the  capsule,  while  interiorly  the  follicle  tapers  and  forms  a  strand,  which, 
after  entering  the  medullary  substance,  becomes  a  medullary  Btrand,  join- 
ing neighboring  strands  to  form  a  network. 
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Channels  of  the 
Lymph-Stream, 

Cortical  follicles  and  medullary  strands  do  not,  however,  fill  the  entire 
interspaces  of  the  trabecular  system,  but  fissurelike  spaces  remain  between 
the  two.  This  fact  is  illustrated  very  conclusively  under  the  capsule  of  our 
specimen.  There  the  surface  of  the  follicle  is  separated  from  the  capsule  by 
a  large  space,  a  lyntph^nUB  ('^')-  These  sinuses  are  crossed  by  numerous 
collagenous  fibres,  connecting  the  capsule  with  the  follicle.  The  afferent 
lymph-vessels,  vasa  afferentia,  lead  to  the  sinuses  situated  under  the  cap- 
sule. Similar  conditions  prevail  in  the  medulla;  here,  too,  the  medullary 
strands  are  separated  from  the  trabecula?  by  clefts,  lymph-sinuses  (/«/*i)> 
which  are  in  direct  communication  with  the  sinuses  found  under  the  capsule, 
so  that  the  lymph  is  conveyed  from  the  cortex  into  the  medulla,  where  it 
streams  through  a  labyrinth  of  sinuses  surrounding  the  medullary  strands; 
in  the  so-called  hilum  it  is  finally  collected  by  a  small  lymph-vessel,  the  vas 
efferens,  whence  it  leaves  the  organ. 


PLATE  38 

Fig.  94. — Lymph-Gland  of  a 
Fig.  95. — Spleen  of  a 
Fig.  96. — Splenic  Sinus  from  the  Human  Spleen 


Fig.  94. — Lymph-Gland  of  a  Child 

550.     Formalin.     Frozen  section.     Biondi  solution. 

For  the  purpose  of  acquainting  ourselves  with  the  specific  element  of  the 
lymph-gland,  the  lymphocytes,  we  stain  some  frozen  sections  of  a  human, 
lymph-gland,  which  have  been  fixed  in  10%  formalin,  in  Biondi  solution 
(p.  67). 

Formation  of  the 
Lymph   Corpuscles. 

In  the  previous  specimen  we  were  able  to  recognize  within  each  cortical 
follicle  a  light  centre.  Searching  for  such  a  field  in  our  specimen,  we  find 
under  high  power  the  red-stained  fibres  of  the  reticulum  without  any  diffi- 
culty. The  cells  of  the  reticular  tissue  are  also  very  distinct,  but  in  order 
to  demonstrate  their  anastomosing  processes  we  should  have  to  resort  to  the 
gold-method  (Fig.  43).  Within  the  meshes  of  the  reticulum  we  see  our 
lymphocytes  corresponding  absolutely  with  those  elements  in  the  blood  which 
were  introduced  as  lymphocytes  (p.  II,  129).  They  are  small  cells  containing 
a  globular  nucleus,  rich  in  chromatin,  which  is  surrounded  by  a  narrow  zone 
of  protoplasm.  These  cells  are  manufactured  in  the  lymph-glands.  They 
are  carried  away  in  the  lyinph-streaiii  througR  the  lymph-sinuses,  and  lia 
lymph-vessels  and  thor/icic  duct  ^aln  entrance  into  the  blcHKl  circulation. 
How  this  constant  loss  is  made  up  i^  also  illustrated  in  our  specimen.  Mi- 
totic propagation  of  the  corpuscles  takes  place  in  these  germ  CCntrCSf  our 
specimen  shows  three  divisions  of  nuclei.  The  hlood-vessrls,  serving  to 
nourish  the  f^land,  pierce  far  into  the  germ  centres,  as  shown  hv  the  capil- 
laries containing  blood  corpuscles. 


Fig.  95. — Spleen  of  a  Child 

»*35.      •' J .      Formalin.      Frozen   section.      Biondi   solution. 

The  structui-e  of  the  human  spleen  can  he  demonstrated  to  l)est  advantage 
on  an  infantile  specimen,  fixed  in  formalin.  Frozen  sections,  which  should 
nf)t  Ix-  too  thin,  are  stained   in   Bioiuli   solution. 

Fir>t  of  all  we  >eleet  a  field  closelv  under  the  surface  which  shows  under 
low  power  that  externallv  the  organ  is  surrounded  hv  a  strong  red  capsule 
(lea).  In  the  human  specimen  it  consists  mainlv  of  coruiective  tissue  with 
few  intermingled  smooth  muscle  fibres.     The  latter  arc  more  numerous  in 
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animals.  Corresponding  to  the  arrangement,  found  in  the  lymph-gland,  we 
have  trabeculae  {tr)y  also  called  gplenic  beanu,  entering  the  organ 
from  the  capsule.  Here  they  are  not  so  close  together,  as  was  the  case  in 
the  previous  specimen.  In  the  interior  we  recognize  them  as  more  or  less 
broad,  bright  red  bands,  which  can  only  be  traced  for  a  short  distance. 
Again  the  spaces,  included  by  the  trabeculw,  similar  to  the  case  of  the  lymph- 
gland,  are  filled  with  pulp  (pp).  The  latter  has  largely  taken  a  deep  orange 
color;  since  we  know  that  the  orange  stain  in  Biondi  solution  is  only  taken 
by  the  red  blood  corpuscles^  the  latter  must  needs  form  an  important  con- 
stituent of  splenic  pulp.  It  is  a  fact  that  the  blood-vessels  play  the  same 
part  in  the  spleen  which  the  lymph-vessels  had  in  the  gland.  Let  us  scour 
through  our  specimen  thoroughly  in  this  respect. 

Course  of  the 
Blood'Vesseh  in  the  Spleen. 

The  larger  vessels  entering  the  hilum  of  the  spleen  are  naturally  not 
present  in  our  section ;  however,  we  can  see  numerous  smaller  branches  of  the 
former,  either  in  transverse  or  in  longitudinal  section;  we  can  always  identify 
them  by  the  circumstance  that  they  are  surrounded  by  a  large  amount  of 
lymph  corpuscles,  the  latter  being  diagnosed  by  the  deep  blue  nuclei.  The 
arteries  are  thus  surrounded  by  a  sort  of  lymphoid  theathf  which,  on 
cross-section,  would  afford  a  picture  of  a  rounded  corpuscle,  containing  in  its 
centre  the  transverse  section  of  an  artery  {mk).  These  formations,  Mot* 
pighicat  corpuscles  or  bodies,  so-called  {mk)^  are  present  in  our  speci- 
men in  large  amounts,  their  substances  merging  into  the  splenic  pulp.  In 
one  place  {mk^)  we  find  such  a  corpuscle  in  longitudinal  section,  showing 
how  the  artery  bifurcates  into  three  branches. 

These  branches  finally  empty  their  contents .  into  the  Splenic  sinuses 
{ss).  The  latter  we  find  as  wide,  plexuslike  spaces  throughout  the  pulp.  From 
the  sinuses  the  blood  is  received  by  the  pulp^veins,  whence  rt  enters  the 
lobular  veins,  large  veins,  which  run  along  the  trabeculie  (blv  shows  one 
of  these  lobular  veins;  at  its  right  we  see  arteries  in  transverse  section  in 
a  trabecula)  ;  three  pulp-veins  enter  the  lobular  vein  below.  The  lobular 
veins  join  at  the  hilum  of  the  organ  to  form  the  Splenic  Veins* 

So  much  we  can  learn  from  our  specimen ;  in  reality  the  course  of  the 
blood-stream  is  much  more  complicated.  The  fact  is  that  the  small  arteries 
do  not  only  lead  into  the  sinuses,  but  also  empty  into  the  pulp  meshes,  which 
in  turn  open  into  the  sinuses,  so  that  the  blood  may  take  one  of  two  courses, 
direct  or  indirect. 

Fig.  96. — Splenic  Sinus  from  the  Human  Spleen 

550.     Sublimate.     Paraffin  embedding.     Biondi  solution. 

The  finer  structural  relations  of  the  human  spleen  can  be  shown  better 
in  the  adult  specimen.  Small  pieces  are  fixed  in  3'/?  sublimate  solution  and 
embedded  in  paraffin  in  the  usual  manner.  Sections,  5-10  pi  in  thickness,  are 
stained  in  Biondi  solution  (p.  67). 


Stmclur'!  of  a 

This  ii  txln-'raely  iDt«ri^sting.  Fig.  96  shows  Ihe  channels,  partly  in  trans- 
verse, giartlj  in  imi^tudinal  section,  revealing  u  most  peculiar  structure  in 
the  wnlls.  Externally  the  ainus  is  lK>undecl  by  &  structureless  fttntU  mem- 
brane,  wUleli  is  internally  lined  with  the  stnns  epitheHum.  Tbe  cells 
consist  of  bodii'ii  and  lircondlv  of  proceKses.  The  hody,  containing  a  nuc]t-us, 
projerU  far  into  the  lumen  of  the  sinus,  sending  off  its  processes  to  i\w  siuus 
tnembrane.  The  aihape  of  the  processes  can  barely  be  distinguished  in  oar 
■pi^'cinien.  On  ihc  upper  right  hand  t)ic  sinus  and  the  epithelial  cells  have 
b«en  cut  longitudinally,  the  processes  appearing  as  long,  closely  approxi- 
mated, parallel  bands.  At  the  left  side  H  sinus  has  heen  cut  transversely,  the 
processes  appearing  as  idiort  pegs,  cuiiuecting  the  cell-body  with  the  smus 
membrane.  The  two  minuses  at  the  right  of  the  former  have  been  rut 
obliquely,  showing  the  pniet-sses,  partly  in  transverxe,  partly  in  oblique  sec- 
tion. We  may  thus  summarize  our  findings  by  saying  that  the  processes  arc 
long  Icdgelike  prnjections  of  the  cell-body,  which  are  implanted  on  the  sinus 
membrane  parallel  to  Ihe  longitudinal  axis  of  the  sinus.  These  rod  C^Ib, 
so-called,  probnbly  are  of  contractile  nature.  A  second  system  of  fibres  may 
be  observed  in  the  sinus,  cut  longitudinally;  they  are  arranged  circularly 
around  the  sinus,  being  iniierted  between  the  rod  cells  and  the  sinus  mem- 
brane. 

Red  and  white  blood  corpatdeM  nre  seen  in  the  lumen  of  the  sinus ; 
Ibe  former  are  probably  destroyed  in  the  spleen,  while  the  latter,  as  was  the 
ca.te  in  the  lymph-ghind,  are  manufactured  here  also.  They  are  abundantly 
found  in  the  pulp,  whence  they  enter  the  splenic  sinus  either  directly  or  by 
actually  piercing  the  sinus  membrane. 
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PLATE  39 

Fig.  97. — Malpighian  Corpuscle;  Longitudinal  Section  from  the 

Human  Spleen 

Fig.  98. — ^Thjrmus  of  the  Newborn 


Fig.  97. — ^Malpighian  Corpuscle;  Longitudinal  Section  from  the 

Human  Spleen 

800.     %.     Sublimate.     Paraffin  embedding.     Biandi  solution. 

Malpighian  Bodies 
in  the  Spleen, 

Fig.  97  shows  a  Malpighian  corpuscle  from  the  same  specimen  from  which 
Fig.  96  was  taken.  Running  along  the  axis  of  the  corpuscles  we  see  the  artery 
with  its  strongly  developed  muscular  coat.  On  the  right  hand  it  abruptly  di- 
vides into  numerous  branches,  forming  a  so-called  penicUluMm  After  a 
lengthy  course  the  branches  empty  into  the  splenic  sinuses. 

The  corpuscle  itself  is  formed  of  reticular  tissue,  the  meshes  of  which  are 
filled  with  lymphocytes.  The  reticulum  is  continuous  with  that  of  the  sur- 
rounding pulp,  hence  we  always  expect  to  find  erythrocytes  among  the 
lymphocytes.  After  the  artery  has  divided  into  the  penicillus,  the  surround- 
ing lymphoid  tissue  becomes  lost,  and  the  vessel  is  later  on  wrapped  in  the  so- 
called  capillary  capsule. 

2.  DUCTLESS  GLANDS 
Fig.  98. — ^The  Thjrmus  of  the  Newborn 

85.     ^.     Formalin.     Frozen  section.     Biandi  solution. 

If  we  desire  to  study  the  thymus  at  its  height  of  development,  we  must 
examine  it  during  the  first  year  of  life.  Ten  per  cent,  formalin  serves  for 
fixation.     The  frozen  sections  are  stained  in  Biondi  solution  (p.  67). 

The  Thymus. 

The  section  shown  in  Fig.  98  shows  under  low  power  a  distinct  lobalate 
arrangement.  The  connective  tissue  capsule,  surrounding  the  entire  organ, 
pierces  between  the  various  lobules,  dividing  the  gland  into  macroscopic 
lobes,  which  in  turn  consist  of  smaller  lobules.  On  the  surface  other  smaller 
lobules  are  formed  by  the  capsule,  reminding  one  of  the  cortical  follicles  in  a 
lymph-gland. 

Each  lobule  is  filled  with  the  basic  substance  of  the  entire  organ,  the 
medullary  SubMtance  (ms),  containing  numerous  vessels  (a,  v).  Thus  we 
have  the  formation  of  a  central  medullary  MubBtance,  which  is  rich  in 
large  blood-vessels  and  has  a  more  reddish  color  in  our  specimen,  and  a  sur- 
rounding blue  cortical  9ubstance  (r«),  which  is  rich  in  small  vessels. 
When  unstained,  the  former  will  appear  light,  the  latter  dark. 
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The  fr*iti«  of  the  entire  lobuie  of  the  thymus  is  made  of  reticular  con- 
nective tissue,  the  iiR-ilii-s  of  the  cortical  fiuhstaiice  being  packed   full  of 

lymphocytes;  nucleated  red  blood  corpuscles  are  also  encountered. 

Ill  this  respect  tlie  thviims  therefore  reseinbk's  a  lymph- gland,  Tlic  medul- 
J»rr  portion  also  shows  a  similar  reticulum,  the  difference  being  that  lymph- 
ocytes are  Tcry  scarce  within  its  meshes.  On  many  places  we  furthermore  no- 
tice cells,  arranged  in  strands  and  strata,  which  cannot  deny  their  epithelial 
origin  and  which  impart  the  reddish  color  to  the  medullary  substance. 

The  main  characttristics  of  the  medullary  substance,  however,  are  the 
HoMsail  corpus^es,  so-called  (H'),  which  may  attain  such  a  consid- 
erable size  as  to  be  recognized  by  the  unaided  eye.  In  our  specimen  they 
distinguinh  themselves  by  their  intensely  red  color;  they  are  only  found  in 
Uk  medullary  subatance,  never  in  the  cortex. 
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PLATE  40 

Fig.  99. — Hassall's  Corpuscle  from  the  Thjrmus  Gland  of  the 

Newborn 

Fig.  100. — Thjrroid  Gland  of  Man 


Fig.  99. — HassalFs  Corpuscle  from  the  Thjrmus  Gland  of  the 

Newborn 

550.     Formalin.     Frozen  section.     Biondi  solution. 

HassalVa  Corpuscles. 

Looking  at  a  large  corpuscle  with  high  power,  we  will  find  the  following 
picture.  Externally  the  corpuscle  is  enveloped  by  elongated,  dishlike  cells. 
The  latter  are  either  non-nucleated  or  possess  an  extremely  large,  pale,  swollen 
nucleus.  The  interior  of  the  corpuscle  is  filled  with  a  granular  mass,  studded 
with  nuclei.  We  must  consider  the  latter  partly  as  leucocytes,  partly  as 
epithelial  cells  undergoing  retrogressive  changes.  We  also  find  lumpy  masses, 
reminding  one  of  starch  globules,  which  have  also  been  formed  by  conglomera- 
tion and  degeneration  of  epithelial  cells. 

As  shown  in  our  specimen,  the  simple  corpuscles  may  unite  and  take  on 
new  layers  to  form  the  large  macroscopic  formations. 


Fig.  100— Thyroid  Gland  of  Man 

175.     Formalin.     Frozen  section.     Biondi  solution. 

The  freezing  method  is  ideal  for  the  preparation  of  the  thyroid  f^and, 
since  it  is  the  only  method  which  does  not  shrink  the  colloid  material,  ^he 
secretion  of  the  thyroid.  Small  pieces  of  the  organ  are  fixed  for  twenty-four 
hours  in  10%  formalin,  followed  by  5%  formalin.  Frozen  sections  are 
stained  in  Biondi  solution  (p.  67)  and  mounted  in  balsam. 

Thyroid  Follicles. 

The  thyroid  gland  shows  very  simple  structure.  I^ow  power  demonstrates 
the  lobulate  structure  of  the  organ.  The  various  lobules  are  separated  by 
connective  tissue,  being  composed  in  turn  of  numerous  thyroid  folUdeMm 
These  are  round  or  elongated,  closed  spaces,  lined  by  epithelium  and  filled 
with  secretion.  In  our  specimen  the  follicles  are  variously  sized  and  cut  in 
different  planes.  Not  infrequently  we  find  between  the  follicles  smaller  or 
larger  cell  complexes,  which  do  not  show  the  typical  arrangement  (X).  These 
are  such  places  where  only  the  follicle  wall,  not  the  lumen,  has  been  cut,  i.e., 
flat  surface  sections. 

The  epithelium  (cp)^  lining  the  follicles,  is  simple  cuboid  of  varying 
height.  At  times  the  cubes  are  high,  at  others  they  are  quite  flat.  These 
differences  may  occur  in  the  same  follicle.  An  increase  in  the  secretion  of  a 
follicle  increases  naturally  the  pressure  within,  which  acts  on  the  epithelium, 
making  tlie  cells  flatter.     The  cells  themselves  show  nothing  noteworthy.    The 
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globular  nucleus  is  surrounded  by  more  or  less  granular  protoplasm.  The 
cells  take  the  red  stain  with  different  intensity,  some  staining  pale  pink,  others 
deep  red.  The  former  have  been  named  chief  CbUb  by  some,  the  latter 
colloid  ce//s.  They  must  not  be  regarded  as  two  different  kinds  of  cells 
with  different  functions;  the  colloid  cells  are  merely  an  evolution  of  the  chief 
cells  by  virtue  of  the  colloid  material  which  they  have  elaborated  in  their  in- 
terior, and  later  they  are  in  all  probability  cast  into  the  lumen.  A  factor 
speaking  for  this  theory  lies  in  the  fact  that  remains  of  nuclei  are  not  infre- 
quently found  in  the  secretion.  There  are  numerous  places  where  the  epithe- 
lium does  not  form  a  simple  layer,  but  is  clumped  together  (  +  ).  These  are 
simpl^'^  surface  sections  of  the  follicular  wall,  often  due  to  small  sacculations 
of  the  follicle. 

Externally  the  epithelium  is  bounded  by  a  structureless  membrana  pro- 
pria, which  cannot  be  completely  traced. 

The  lumen  of  the  follicle  is  filled  with  a  homogeneous  mass,  the  colloid 
materiol  {col).  It  fills  the  lumen  entirely  and  is  in  close  contact  with  the 
epithelium  throughout.  When  specimens  are  embedded  in  paraffin,  the  col- 
loid material  will  be  found  more  or  less  shrunken,  thereby  retracting  from  the 
epithelium.  The  colloidal  substance  stains  red  in  our  Biondi  solutions,  viz., 
selects  the  acid  dye.  It  appears  homogeneous  most  often,  rarely  somewhat 
granular.  As  already  mentioned,  we  can  detect  here  and  there  whole  nuclei 
or  the  remains  of  such.  On  this  basis  we  can  form  a  conclusion  as  to  the 
manner  of  secretion  of  the  colloid  substance.  Entire  epithelial  cells  are  cast 
into  the  lumen  and  transformed  to  secretion.  We  may  assume  that  in  addi- 
tion to  the  former  process  the  secretion  is  also  simply  emptied  into  the  lumen 
by  the  epithelial  cells. 

Drainaqp  of  the 
Secretion   of  the  Thyroid. 

Between  the  follicles  we  find  loose  connective  tissue,  which  contains  in- 
numerable blood'VBSSels.  In  order  to  have  a  ^ood  representation  of  the 
wealth  of  blood-vessels  in  this  gland,  the  afferent  and  efferent  vessels  should 
be  tied  on  a  living  animal,  e.g.,  a  cat,  and  the  organ  then  fixed  in  toto.  Our 
specimen,  although  the  vessels  with  their  orange- red  contents  can  plainly  be 
seen,  only  gives  a  mild  conception  of  the  abundance  of  vessels.  Worthy  of 
note  is  the  arrangement  of  the  blood  capillaries,  which  are  closely  approxi- 
mated to  the  epithelium,  at  times  even  pushing  the  epithelial  cells  into  the 
lumen.  Besides  the  net  of  blood  capillaries  the  follicles  are  also  richly  sup- 
plied with  lymph'VeSSels,  They  can  be  demonstrated  excellently  by  in- 
troducing the  cannula  of  a  Pravaz  syringe  ^  filled  with  Berlin  blue  (p.  74) 
under  the  capsule  of  an  organ,  excised  in  toto,  using  very  light  pressure  dur- 
ing the  injection.  The  lymph-spaces  are  of  special  importance  here,  because 
they  receive  the  colloid  material  from  the  follicles,  the  latter  probably  ruptur- 
ing after  the  pressure  within  has  reached  its  maximum. 

*  Hypodermic  syringe. 


PLATE  41 

Fig.  101. — Suprarenal  Body  of  a  Child 
Fig«  102« — Human  H]rpophysis 
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Fig.  101. — Suprarenal  Body  of  a  Child 

100-     MhcUct's   fluid-forinaiiii.      Frown   sictioii.      Ha-matum.      Suditn. 

When  examining  tlio  suprarenal  capsule,  wc  muHt    primarily  seok  to  ob> 
tain  an  immaculate  preservation  of  the  cells;  secondly,  a  preservation  * 
a§  color  demons trnt ion  of  its  characteristic   components,  the  lipoid   and   thi 
pliwochromic  ituh.stancefl.     In  order  to  preserve  and  illustrnte  the  phtrochromicfl 
substance,  we  must  treat  the  suprarenal  body  with  chrome  salts,  which  f^fl 
a  characteristic   reaction  with  this    substance.      We  chose  Mueller'*   solutioi 
(p.  31),  adding  ll)%    formalin    for  better  cell   preservation.      The   organ   i 
fixed  in  thin  mixture  for  two  to  three  days,  the  liquid  being  changed  repcat-d 
edly.     After  washing  in  running  water  for  twenty-four  hours  we  transfer  to.l 
5'i    formalin.     Should   we   now   einhed   in   paraffin,  the   second  of  the   com-j 
punentn.  the  lipoid  material,  would  be  extracted ;.  we  tliereforc  make  from 
sections  and  stain  them  firiit  in  Iwmalum  (p.  56)   for  ten  lo  fifteen  minute^ 
wash  in  hydrant  water  for  an  equal  length  of  time,  transfer  for  a  few  niiouti 
to  50%  ntcohol,  and  thence  connterstaiti  in  sudan  (p.  60)  fur  fifteen  ininutei 
After  washing  the  sections  briefly  in  water  we  mount  them  in  leviUosc. 
suprarenal  at  newborn,  or  very  recently  born  children,  is  to  he  preferred;  tbea 
material  used  must  be  fresh.      Before  fixation   the  organ  should  he  bisected^ 
to  avoid  crushing  the  material. 

The  Suprarenal  Both- 

The  unaided  eye  may  discern  the  two  characteristic  features  of  the  orgaD^ 
the  dftrk  brown  medullary  subisiance,  derived,  as  we  know,  from  the  sym- 
pHthetic  nervous  system,  surrounded  on  all  sides  by  the  light  bluish  red 
cortical  substance. 

The  Capsule. 

Low  power  shows  the  organ  enclosed  in  a  thick,  nucleated  connective  tis- 
sue capsule  (A-o).  It  contains  nujnerous  blood-vessels  (bg),  and  small  nerve- 
trunks  («),  which,  piercing  the  capsule,  gain  entrance  to  the  cortex;  alon^ 
their  intracapsular  course  we  find,  more  numerous  in  the  animal  than  in  man* 
collections  of  sympathetic  nerve-cells.  Connective  tissue  trabeculie  enter  the 
cortex  from  the  capsule,  forming  a  system  of  radiating,  communicating  tubes* 
which  contain  the  cortical  parenchyma. 

The  Cortex. 

Our  picture  shows  very  clearly  how  the  cortical  substance  forms  beamst 
which,  *)f  course,  are  also  radiating  and   anastomose   with  Ihtir   neighboring 
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fellows.  Based  on  this  arrangement,  the  suprarenal  can  be  divided  into  three 
different  zones.  Closely  under  the  capsule  the  beams  arise  in  form  of  loops  ^ 
they  traverse  the  greater  part  of  the  cortex  in  a  straight  course  and,  shortly 
before  reaching  the  medullary  substance,  mingle  to  form  a  network  of  round 
meshes;  thus  we  have,  going  from  without  inward:  the  narrow  zona  glo* 
m€ndo9€i  (zgl)  ;  then,  occupying  the  greatest  part  of  the  cortex,  the  zonu 
faxiculata,  {zfr)y  and  finally,  bordering  on  the  medullary  substance,  the 
zona  reticolartM  (zre).  We  shall  study  these  three  zones  under  high 
power. 

In  the  zona  glomertdosa  the  different  glomeruli,  i.e.,  the  loop-formed, 
communicating,  peripheral  ends  of  two  neighboring  parenchyma  tracts,  are 
separated  by  septa,  which  here  are  still  fairly  strong.  We  have  here  elon- 
gated narrow  cells,  arranged  transversely  to  the  axis  of  the  tracts.  The  cells 
are  placed  very  closely  together,  the  minute  cell-body  containing  small  red 
granules,  the  lipoid  granules.  In  the  zona  fasciculata  the  cells  become 
considerably  larger,  their  bodies  being  filled  to  a  greater  or  lesser  extent  with 
lipoid  granules.  If  the  specimen  has  been  embedded  in  paraffin,  these  gran- 
ules will  be  dissolved,  vacuoles  appearing  in  their  place.  Similar  conditions 
prevail  in  the  zona  reticularis.  Here,  too,  the  cells  contain  lipoid  gran- 
ules, but  in  addition  thereto  show,  in  the  adult  and  in  some  mammals,  a  brown 
pigment. 

MediiUan/  Substance, 

The  medullary  portion  (ma)  is  sharply  defined  from  the  cortical  sub- 
stance, as  our  picture  shows.  This  is  not  the  case  all  over,  for  on  some  places 
they  merge  without  any  distinct  boundary  line  or  may  even  grow  into  each 
other.  Here  again  we  find  cellular  tracts  or  beams,  which  appear  to  com- 
municate in  the  form  of  a  net ;  the  meshes,  however,  are  considerably  larger 
than  in  the  cortex,  being  occupied  by  wide  venous  blood-spaces,  the  ntedul^ 
lory  sinuses  (msi).  The  cells  of  the  medulla  are  much  larger  than  those  of 
the  cortex.  Several  rows  are  present  in  each  tract;  in  our  specimen  they 
appear  slightly  shrunken,  giving  the  tracts  a  loose  appearance.  They  are 
polyhedral  cells.  The  round  nucleus  lies  within  a  body,  which  appears  dark 
brown,  due  to  a  mass  of  granules.  These  are  the  phaeochromic  granules. 
In  the  fresh,  unstained  specimen  they  are  pale,  colorless  granules ;  their  char- 
acteristic peculiarity  lies  in  the  fact  that,  when  treated  with  chrome  salts, 
they  assume  this  dark  brown  color.  It  is  probable  that  they  represent  the 
active  principle  of  the  suprarenal  body,  the  adrenalin^  which  by  virtue  of 
the  thin  walls  of  these  wide  medullary  sinuses  can  easily  gain  entrance  to  the 
vascular  system.  Aside  from  these  medullary  cells  we  also  find  true  nerve- 
cells  {nz).  Our  specimen  only  shows  two;  other  places  will  show  them  in 
greater  number.  They  are  sympathetic,  viz.,  multipolar  cells,  identical  with 
those  observed  in  the  cortical  substance.  Afferent  and  efferent  non-medulla  ted 
nerves  are  likewise  seen  in  many  places.  They  form  wide  plexuses  in  the 
medullarv  as  well  as  cortical  substance. 
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Fig.  102. — Human  Hjrpophysis 

200.    Formalin.     Frozen  section.    Creayl  violet. 

Here  again  it  is  of  importance  to  use  only  fresh  material,  since  the  char- 
acteristic components  of  the  parenchymatous  cells  of  the  pituitary  body  de- 
compose shortly  after  death.  The  organ  of  a  grown  person  is  split  with  the 
razor  by  a  median  longitudinal  section  into  a  right  and  left  half  and  fixed 
in  formalin  10%.     Thin  frozen  sections  are  stained  in  cresyl  violet  (p.  62). 

The  organ  consists,  as  we  know,  of  two  genetically  very  different  parts. 
The  posterior  lobe  is  derived  from  the  central  nervous  system.  Retrogressive 
changes, "  transfiguring  it  to  a  mixture  of  connective  tissue  and  gliomatous 
elements,  cause  it  to  be  of  little  importance  to  the  adult.  On  the  other  hand 
the  anterior  lobe,  owing  its  origin  to  the  epithelium  of  the  oral  cleft,  becomes 
an  object  of  special  interest,  for  recent  researches  have  shown  that  it  fur- 
nishes a  substance  which  is  very  essential  to  the  human  economy. 

The  Anterior  Lohe 
of  the  Hypophysis. 

Even  under  low  power  we  can  notice  a  certain  conformity  in  substance  of 
the  anterior  h^'pophyseal  lobe  with  the  suprarenal  body  and  the  thyroid 
gland,  viz.,  the  extraordinary  wealth  in  blood^VeSBelB  (&^)*  Numerous 
vessels,  partly  wide  and  thin  walled,  form  an  extensive  vascular  net,  in  the 
meshes  of  which  we  find,  aside  from  a  rich  supply  of  connective  tissue,  the 
parenchyma. 

These  parenchyma  consist  of  finer  or  coarser  strands  or  beams,  which  in 
turn  form  a  meshwork.  The  beams  (epb)  are  solid,  viz.,  have  no  lumen,  be- 
ing composed  of  polyhedral  cells,  which,  according  to  the  thickness  of  the 
beam,  are  arranged  in  two,  three  or  more  rows.  The  cells  are  of  different 
sizes,  have  a  globular  nucleus,  and  in  regard  to  their  bodies  show  some  im- 
portant differences.  In  a  large  part  of  the  cells  we  find  a  pale  blue  proto- 
plasm, appearing  homogeneous  or  at  least  very  indistinctly  granular.  Others, 
however,  contain  numerous  reddish  violet  granules.  Transitional  forms  be- 
tween these  two  varieties  of  cells  can  be  found  in  large  amount  under  high 
power.  Evidently  these  granules  are  elaborated  by  the  cells  and  probably 
represent  the  secretion  of  the  hypophysis  or  part  thereof,  perhaps  a  pre- 
stage  of  it.  In  the  manner  observed  in  the  suprarenal  body,  the  secretion  is 
poured  into  the  blood-vessels  and  by  the  latter  conveyed  to  the  organism. 

A  second  constant  component  part  of  the  hypophyseal  parenchyma  is 
formed  by  the  follicleBf  i.e.,  closed  spaces,  lined  by  epithelium  (fo).  They 
remind  us  of  the  thyroid  follicles ;  their  lumen  is  filled  with  a  reddish  violet, 
homogeneous  mass,  which  corresponds  in  all  microcheniical  reactions  with 
the  colloid  substance  of  the  thyroid  gland.  They  may  be  differentiated  from 
the  thyroid  follicles  by  the  fact  that  their  epithelial  coating  is  generally  not 
simple  but  stratified.  The  epithelia  here  do  not  differ  in  any  respect  from 
those  of  the  epithelial  beams.  In  the  anterior  portion  of  the  anterior  lobe 
follicles  are  scarce,  becoming  more  numerous  in  the  posterior  part. 
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Fig.  103. — Longitudinal  Filed  and  Polished  Section  through  a 

Human  Incisor 


3.  THE   ORGANS  OF   DIGESTION 

Fig.  103. — Longitudinal  Filed  and  Polished  Section  through  a 

Human  Incisor 

10.    %. 

The  technique  of  preparing  teeth  is  much  the  same  as  that  used  for  bone. 
Thus  we  may  either  prepare  thin  transparent  specimens  by  first  macerating 
the  tooth)  i.e.,  extracting  the  soft  parts,  and  then  filing  and  polishing  the 
same,  or  we  may  fix  the  fresh  tooth,  decalcify  and  section  it.  Both  methods 
have  their  own  advantages  and  are  supplementary.  Let  us  first  consider  the 
hard  preparation. 

Mefhod   of   Preparing 

a   Venvrr  of  Tooth,  • 

It  is  quite  a  difficult  task  to  prepare  a  good  veneer  of  the  entire  length 
of  the  tooth.  A  well-macerated  incisor  is  chosen  and  mounted  in  a  cor- 
responding groove  of  a  wooden  block  with  cover-glass  cement  (p.  77)  in 
such  a  manner  that  one-half  of  the  tooth  is  free  while  the  other  half  is  buried 
in  the  wood.  Since  the  best  of  files  will  soon  be  rendered  useless  by  the  glass- 
like consistency  of  the  adamantine  substance  ^  of  the  tooth,  a  small  rect- 
angular hone,  such  as  is  used  for  the  sharpening  of  scalpels,  will  be  found 
more  serviceable.  With  it  we  grind  down  the  tooth  parallel  to  the  median 
plane,  moistening  sufficiently  with  water,  until  the  pulp  cavity  has  been 
opened  in  its  entire  length.  The  tooth  is  now  released  from  its  bed,  dried, 
and  the  ground  surface  cemented  on  to  a  smooth  part  of  the  wood.  Now 
we  proceed  to  file  down  the  other  side  until  a  thickness  of  0.5-1  mm  is  at- 
tained. The  work  is  completed  with  the  file  on  the  slide  in  just  the  same 
manner  as  bone.  We  must  always  be  absolutely  sure  that  the  section  is 
thoroughly  secured  by  the  cement  throughout  its  entire  length,  as  otherwise 
chips  of  adamantine  substance  *  (p.  II,  82)  may  break  off.  We  can,  of  course, 
fill  the  cavities  of  the  tooth  with  fuchsin  (p.  66),  as  was  done  in  the  bone. 

Cross  Structure 
of  the  Tooth. 

Macroscopically  our  veneer  shows  the  three  anatomical  parts  of  the 
tooth :  crown,  neck  and  root.  The  CTOWtl,  i.e.,  the  free  portion  of  the  tooth, 
is  coated  with  enamel  (schm)j  which  decreases  in  thickness  from  above 
downward.  It  has  a  double  striation,  one  fine  and  radiating,  another  nearly 
parallel  to  the  surface,  but  only  in  the  upper  parts  of  the  crown;  below  they 

'  Enamel. 
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run  at  an  acute  angle  to  the  surface  of  the  enamel.  They  are  the  striae  ol 
Retxius  in  the  cnaniol. 

The  root  is  that  part  which  is  inserted  in  the  bony  alveolus;  it  is  coated 
with  the  cement  (c),  which,  contrary  to  the  enamel,  increases  in  thickness 
from  above  downward.  The  neck  is  a  portion  about  2  mm  in  length,  still 
covered  by  cement,  which  is  not  buried  in  the  alveolus,  but  neither  is  free  in 
the  oral  cavity,  being  covered  by  the  gantS.  In  the  rejjion  of  the  neck 
enamel  and  cement  come  together  in  a  manner  so  that  usually  the  former  is 
slightly  overlapped  by  the  latter.  In  the  cement  we  can.  even  under  low 
power,  recognise  small,  stellate  cavities,  similar  to  the  canaliculi  in  bone,  thi; 
cement  cavities.  They  are  wanting  in  the  neck,  appearing  only  in  the 
upper  or  middle  portions  of  the  root. 

The  bulk  of  the  tooth  consists  of  the  dentine.  It  encloses  the  pulp 
cavity  and  lines  the  root  canal,  which  arises  from  the  former  at  the  highest 
portion  of  the  root,  but  it  never  reaches  the  surface  of  the  tooth  anywhere. 
The  dentine  has  a  radiating  striation,  due  to  the  dental  canaliculi,  which 
traverse  it  through  its  entire  thickness,  opening  internally  into  the  pulp  cav- 
ity. In  the  coronal  portion  of  the  dentine  we  also  notice  a  simple  or  strati- 
fied layer  of  jagged  air-spaces,  running  parallel  to  the  boundary  iR'tween 
enamel  and  dentine,  the  interglobular  spaces.  They  disappear  in  the 
region  of  the  neck,  their  place  being  taken  by  a  stratum  of  minute  vacuoles, 
situated  immediately  beneath  the  boundary  between  cement  and  dentine,  the 
granular  layer  of  Tomes.^ 
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Fig.  104. — Longitudinal  Filed  Section  through  the  Crown  of  a 

Human  Incisor 

Fig.  105. — Longitudinal  Veneer  Section  through  the  Root  of  a 

Human  Incisor 

Fig.  106. — Enamel  Prisms  from  a  Human  Wisdom  Tooth 


Fig.   104. — Longitudinal  Filed  Section  through  the  Crown  of  a 
Human  Incisor.    ITi- 

Wc  will  now  examine  some  special  fields  of  our  section  under  high  power, 
selecting  first  thf  tTMrnfl  (nihiri).  In  it  we  recogninf  wn  irregular,  undulat- 
ing striation,  Titdiating  from  the  dentine  border,  which  is  due  to  its  compo- 
NitioD  of  long  prisntutic  fibres,  thv  enamel  pnamM.  They  wind  tlieir  way 
in  screw-form  from  the  dentine  borderline  to  the  surface,  hence  appear  both 
in  i)hli(]Ue  imd  transverse  section.  They  consist  almost  exclusivelv  of  nn 
organic  material.  Between  the  priisms  we  find  intercellular  cement  tuh- 
siance,  whidi  is  very  scanty  in  the  adult  tooth.  Tin-  striae  "f  Retzias 
(ntr)  appear  running  obliquely  within  the  enniin-l,  P'xtcniully  the  eniunel 
is  surrounded  by  the  likewise  calcified  enamel  membrane. 

Denline. 

The  dentine  (i/)  making  up  the  bulk  of  the  tooth  owes  it^  characteristic 
appearance  to  the  denttd  canaltCttU  or  dentine  tubulew.  In  the  crowa 
their  course  is  fairly  straight,  showing,  perhaps,  slight  curving.  They  taper 
from  the  pulp-cavity  towtird  the  enamel  border.  Wlien  reaching  the  latter 
they  branch,  anastomose  and  end  blindly,  one  of  the  branches  not  infre- 
quently trespassing  on  the  border-line.  In  such  a  case  the  blind  end,  often 
somewhat  thickened,  lies  between  the  enamel  prisms.  At  times  the  canaliculi 
■will  arch  over,  forming  an  arcndolike  arrangement.  Furthermore,  the  tubules 
give  off  side  branches  throughout  their  entire  course,  their  number  increasing 
toward  the  periphery.  The  branches  anastomose  among  themselves,  but  also 
travel  for  quits  a  distance  independently,  communicating  with  remote  ca- 
naliculi. 

Our  specimen  also  shows  an  interglobular  apace  (>r).  These  spaces 
are  uncalcified  places  in  the  basic  substance,  into  which  the  calcified  substance 
sends  rounded  processes,  de/ttine  glotmte9,  so-called.  The  dentine  tubules 
traverse  the  interglobular  spaces  uninterrupted. 

About  the  structure, of  the  basic  substance  of  dentine  we  cannot  gain 
much  knowledge  from  our  specimen.  It  consists  of  calcified  collagenous  fibrils, 
deposited  in  strata  in  such  a  manner  that  the  different  layers  run  parallel  to 
the  surface  of  the  tooth,  the  fibrils  being  arranged  longitudinally  williin  them, 
thus  crossing  the  dentine  tubules  at  about  right  angles.  Similar  to  the  case  of 
bone,  the  baste  itvJ)stance  fonns  sheaths  around  the  canaliculi,  the  dentine 
sheaths,  or  Neumann's  sheaths.  The  latter  can  be  demonstrated  by  the 
gilding  pro'.-ess,  performed  in  the  manner  described  under  hone  (p.  II.  83), 
172 
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Fig.  105. — Longitudinal  Veneer  Section  through  the  Root  of  a 

Human  Incisor.    175. 

Cement, 

An  entirely  different  view  presents  itself  in  a  filed  section  through  the  root 
of  the  tooth.  Instead  of  enamel  we  find  the  outer  covering  to  consist  of 
cement  {c).  This  really  is  genuine  bone  substance,  which,  at  least  in  the 
thicker  layer  of  cement,  shows  distinct  lamellae.  Canaliculi  (cfe),  too,  are 
found  with  their  typical  processes,  although  few  in  number;  they  are  wanting 
at  the  neck  of  the  tooth,  but  increase  in  number  toward  the  root. 

A  striking  feature  is  presented  by  canaliculi,  which  are  situated  vertically 
to  the  surface  of  the  cement  (shf).  In  our  specimen  we  see  a  continuous 
layer  of  them  at  the  cement-dentine  border,  but  also  find  them  sporadically 
in  the  peripheral  layer.  They  are  Sharpey^B  ^  fibreSf  bundles  of  col- 
lagenous fibres,  traversing  the  cement  lamella;  transversely.  Since  they  are 
not  calcified,  they  appear  in  our  macerated  specimen  as  hollow  tubes  in  the 
calcified  basic  substance.  Sharpey^s  fibres  are  also  found  in  bone  in  large 
numbers. 

Going  inward  we  find,  bordering  on  the  cement,  the  dentine  (d)  with  its 
Tomes^  granular  layer,  which  we  have  already  met  (tok).  Tomes*  gran- 
ules are  nothing  more  than  very  minute,  closely  aggregated  interglobular 
spaces.  The  dentine  canaliculi  of  the  root  show  somewhat  different  conditions 
than  those  of  the  crown.  Their  course  is  undulating  and  sometimes  abruptly 
broken  off.  Dichotomous  division  is  common.  They  also  lie  closer  together 
and  have  more  branches  in  this  portion  of  the  tooth.  They  end  between  the 
Tomesian  granules  either  blindly  or  anastomosing  with  others.  Not  infre- 
quently we  can  observe  how  such  a  tubule  traverses  the  cement  border,  run- 
ning into  the  process  of  a  cement  canaliculus. 


Fig.  106. — Elnamel  Prisms  from  a  Human  Wisdom  Tooth 

300.     Isolation  specimen.     Chromic-osmic-acetic  acid. 

Isolated  enamel  prisms  may  be  obtained  by  decalcifying  a  tooth  in  the 
manner  which  will  be  discussed  under  the  preparation  of  the  next  specimen. 
Wc  may  also  simply  detach  a  small  particle  of  the  enamel  with  a  needle,  dis- 
tribute it  in  a  drop  of  levulose  and  cover  the  specimen  with  a  cover-glass. 

Ennmvl  Prisms. 

Medium  power  will  reveal  numerous,  fibrelike  formations  of  different 
lengths  and  measuring  about  5  (x  in  thickness,  the  encmel  prtBntM.  Of 
course,  we  see  here  only  fractions  of  enamel  prisms,  which  really  wind  their 
tortuous  way  through  the  entire  thickness  of  the  enamel.     On  their  surface 

*  Sharpey,  Engrlish  anatomist,  1802-80. 
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we  can  rccogniite  a  transvcrs)^  strintion,  prulmhly  due  to  tlio  undulating  sur- 
face of  the  prisms,  which  thus  pres^-nts  narrower  and  broader  sections  in 
alternation. 

We  may  acquaint  ourselves  with  their  shape  or  transverse  section  by 
chopping  a  slightly  larger  particle  of  enamel  with  the  razor;  we  will  then  find 
numerous  cross- sect  ion  a  of  prisms,  irregular,  pentagonal  or  hexagonal  in 
.iarm. 
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Fig.  107. — Longitudinal  Section  through  a  Human  Wisdom 

Tooth  During  its  Eruption 

Fig.  108. — Sagittal  Section  through  the  Lower  Lip  of  a  Child 


Fig.  107.— Longitudinal  Section  through  a  Human  Wisdom 
Tooth  During  its  Eruption 


800,     ^4.     Cliromic-osraic-a 


.ciJ.     Frozen  section.     Biondi  solution. 
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The  soft  parts  of  the  tooth  can  be  studied  to  best  advantage  in  the 
calcified  Kpeciinen,  preffnibly  one  from  «  youthful  individual.  They  must  bfrl 
recently  extracted,  and  are  split  longitudinally  by  a  pair  of  strong  pincers.f 
If  this  is  done  curefnlly  Mie  pulp  will  be  intact,  at  least  on  many  places.  The  | 
two  halves  of  the  tooth  are  suitpended  on  threads  in  a  corked  flask  containing  ( 
SO  cm''  of  chrotnic-osniic-acetic  acid  (p.  80).  The  fluid  i^  renewed  on 
Hecond  and  fifth  days,  and  the  tooth  will  be  decalcified  auflieiently  after  six  , 
to  seven  days  to  allow  of  the  making  of  a  largt-  number  of  v^ry  thin  liections 
on  the  freezing  microtome.  The  cuts  should  he  made  so  that  they  include  thtf  | 
pulp.  Before  cutting,  the  tooth  must,  of  course,  he  waxhed  in  running  water  J 
for  twenty-four  hours.     The  sections  are  stained  in  Biondi  solution  (p.  67). 

Thr  Pulp  of  the  Tooth, 

Our  picture  shows  a  part  of  such  a  section.  On  the  left  we  recognize  tlie  J 
pulp  tissue,  a  finely  fibrillated  connective  tissue,  containing  few  branching 
cells.  Numerou.'*  blood  capillaries  and  nerves  are  found.  In  the  intirior  of 
the  pulp  the  medultated  nerves  form  a  plexus  and  leaving  the  trunk  they 
lose  their  sheath  and  penetrate  between  the  odontoblasts,  whore  they  end. 
More  toward  the  right  the  pulp  is  bounded  against  the  dentine  by  moderately 
long  cells,  which  are  arranged  in  several  layers.  The  outermost  cells  are  long 
and  cylindrical.  They  are  closely  approximated,  like  epithelium.  The  deeper; 
cells  are  irregular  and  merge  into  the  connective  tissue  of  the  pulp  without 
any  defined  boundary.  The  outermost  cells,  arranged  like  epithelium,  are  the 
odontoblasts,  the  cells  from  which  the  dentine  is  formed;  they  send  numer- 
ous fine  processes  toward  the  pulp,  which  are  lost  in  the  connective  tissue  of 
the  pulp:  toward  the  dentine  they  send  one  or  possibly  two  lonir  processes, 
which  enter  the  dentine  tubules,  where  as  dentine  fibres  "r  Tomesian 
fibres  they  are  distributed  throughout  the  dentine. 

Between  odontoblasts  and  dentine  a  cleft  is  seen,  produced  by  shrinking 
of  the  pulp  during  fixation.  In  the  dentine  we  have  two  sharply  divided  lay- 
ers, which  are  separated  by  an  undulating  line.  The  bulk  of  the  dentine  has 
taken  a  violet  color,  only  the  innermost  stratum,  bordering  on  the  odonto- 
blasts, has  stained  purely  red.  The  latter  we  call  prwdentine;  it  is  that  pon 
tion  of  dentine  in  the  basic  substance  of  which  lime  salts  have  not  as  yet 
been  deposited. 
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Fig.  108. — Sagittal  Section  through  the  Loww  Lip  of  a  Child 

16.     %.     Formalin.     Frozen  section.     Cresyl  violet. 

Using  sharp  scissors  we  cut,  in  sagittal  direction,  strips  5  mm  in  width 
from  the  lower  lip  of  the  fresh  body  of  a  child;  they  are  fixed  in  formalin. 
Frozen  sections  are  stained  with  cresyl  violet  (p.  62),  which  will  give  a  good 
diiFerential  coloring  of  all  the  tissues  in  question. 

In  Fig.  108  the  outer  surface  of  the  lip  looks  upward,  the  inner  surface 
downward,  and  the  free  edge  of  the  lip  is  at  the  right.  All  these  surfaces  are 
clothed  in  epithelium,  so  that  we  find  epidermis  (epid)  above  and  epithe^ 
liam  of  the  oral  cavity  {schlep)  below.  Both  are  stratified  epithelia, 
but  present  characteristic  diflFerences.  The  epidermis  of  the  lip  consists  of 
relatively  few  layers  of  cells;  the  underlj'ing  connective  tissue  corium  forms 
very  slight  papillse.  Externally  to  the  violet  epithelium  we  find  a  very  thin 
pale  layer,  which  represents  the  horny  portion  of  the  epidermis.  A  diflFerent 
picture  presents  itself  in  the  epithelium  of  the  mucous  membrane  {schlep). 
We  first  notice  its  great  size.  It  consists  of  many  more  strata  of  cells  than 
did  the  epidermis  and,  while  there  is  some  horny  material  in  the  most  super- 
ficial lavtTs,  there  are  no  non-nucleated  hornv  scales,  thus  keratosis  is  incom- 
plete.  The  connective  tissue  propria^  following  further  upward,  viz.,  away 
from  the  oral  cavity,  forms  numerous  papillae,  sending  secondary  processes 
into  the  epithelium,  the  papilla?  growing  higher  as  we  approach  the  free  edge 
of  the  lips;  in  our  specimen  they  must  have  lK»en  cut  slightly  obliquely,  ap- 
pearing a  trifle  larger  than  they  really  are.  Tracing  our  way  toward  the 
riglit,  around  the  edge  of  the  lip,  we  come  to  a  few  papillae  in  the  now  thinner 
epithelium,  which  have  been  cut  off  their  bases  and  finally  to  a  place  marked 
X»  where  the  mucous  membrane  merges  into  the  epidermis. 

Suhcuianpoits  Tissuf. 

Embedded  in  the  corium  of  the  lip  are  many  hair  fotticleM  (Ab),  from 
which  the  cut  hairn  project.  Seboceous  and  BudoriferoUM  glands  are 
likewise  found.  The  subsiK|uent  subcutaneous  tissue  {she)  of  the  lip  contains 
besides  a  moderate  amount  of  blood-vessels  and  red-stained  nerves,  small 
groups  of  transviTsely  and  longitudinally  cut  striated  musde  AhreM*  The 
longitudinal  muscular  fibres  have  been  collectively  described  as  the  compressor 
labii  muscle. 

Muscular  Layer, 

Between  skin  and  mucous  membrane  of  the  lip  we  find  a  muscular  stratum 
(m),  consisting  of  numerous  bundles  of  transversely  cut,  striated  muscle 
fibres ;  they  arc*  tlie  bundles  of  the  orhiculariB  ori$.  The  anterior  extrem- 
ity of  the  muscular  band  is  bent  at  an  angle,  disappearing  as  a  tapering 
strand  at  the  region  of  the  junction  of  mucous  membrane  and  epidermis. 
The  muscular  bundles  are  often  separated  by  the  longitudinal  fibres  of  the 
compressor  labii,  running  from  the  skin  to  the  mucous  membrane.     In  the 
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Fig.  109. — Dorsum  of  the  Human  Tongue 

85.     %.     Formalin.     Frozen  section.     Cresyl  violet. 

The  tongue  of  an  adult  is  fixed  in  toto  in  a  large  amount  of  10%  forma- 
lin, after  having  made  numerous  deep  incisions  at  intervals  of  about  5  mm  with 
the  razor  previously.  The  following  day  small  pieces  are  excised  from  the 
various  regions,  transferred  into  6%  formalin,  and  afterward  sectioned  on 
the  freezing  microtome.     Sections  are  stained  in  cresyl  violet  (p.  62). 

We  choose  a  section  through  the  anterior  portion  of  the  dorsum  of  the 
tongue,  where  we  find,  with  low  power,  the  entire  surface  covered  by  eleva- 
tions, the  papillae  of  the  tongue.  In  our  section  we  are  able  to  distin- 
guish two  varieties,  the  filiform  and  the  fungiform  papillae,  only  one  of 
the  latter  being  present. 

Filiform  PapilUe, 

Each  filiform  papilla  (pfi)  arises  as  a  more  or  less  broad  body  from  the 
connective  tissue  propria  of  the  mucous  membrane  of  the  tongue.  The 
body  either  ends  in  a  pointed  extremity  or,  becoming  broader,  divides  into  a 
larger  number  of  secondcory  papillae.  Thus  we  may  have  as  many  as 
twenty  secondary  papillae  implanted  on  one  papillary  body.  The  body  of 
the  papilla  consists  of  connective  tissue,  and  contains  numerous  vessels  and 
nerves.  The  surface  of  the  papillie  is  covered  by  the  same  stratified  flat 
epithelium,  as  we  have  met  in  the  mucous  membrane  of  the  lip.  The  epi- 
thelial stratum  is  frequently  drawn  out  into  fringed  points  and  threads, 
which  give  a  gray  appearance  to  the  superimposed  mucous  membrane.  The 
cells,  composing  the  threads,  are  keratosed. 

Fungiform  Papilhv. 

In  the  centn*  of  our  specimen  a  fungiform  papilla  (pfu)  is  seen.  It  has 
a  more  slender  body,  which  is  also  studded  with  numerous  secondary  papillae, 
which  are,  in  contradistinction  to  the  filiform  papillae,  covered  by  a  smooth 
layer  of  epithelium.  The  outer  cells  do  not  show  any  keratosis,  wherefore 
the  surface  of  these  papillae  do  not  appear  gray,  but  red,  the  color  of  the 
translucent  blood. 

Muscles  of  the  Tongue. 

Following  the  propria  we  have  a  very  thin  connective  tissue  submu* 
COSa,  which  connects  the  mucous  membrane  with  the  mUMcles  of  the 
tongue.  We  find  bundles  of  striated  muscle  fibres,  which  intersect,  viz., 
antero-posterior  bundles,  cut  transversely  in  our  section,  those  running  from 
above  downward  cut  longitudinally  in  our  specimen,  and  finally  those  going 
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from  left  to  right  also  cut  longitudinally.  The  bundles  traversing  the  body 
of  the  tongue  vertically  arc  derived  from  the  gcnioglossus,  the  hyoglossus  and 
the  verticalis  lingiis,  ending  in  the  subinucosa. 


Fig.  110. — Base  of  the  Human  Tongue 

36.     %.     Formalin.     Frozen  section.     Cresyl  violet. 

For  the  study  of  the  circtunvallate  papillte  we  select  a  piece  of  the  base  of 
the  tongue,  where,  as  we  know,  these  papiUa  form  a  V-flhaped  design. 

CiTaimvallalt'  Papillte. 

They  assimilate  the  fungiform  papillaj  in  structure,  but  are  considerably 
broader,  also  reaching  deeper  into  the  mucosa,  which  latter  forms  a  dam 
ftround  the  papilla.  The  dam  is  separated  from  the  latter  by  a  deep  trench. 
Into  this  ditch  open  numerous  glands  (dr),  which  are  partly  situated  in  the 
eubmuoosa,  partly  deeply  between  the  muscular  bundles.  As  shown  by  their 
staining,  they  are  serous  glands.  They  are  only  found  in  the  immediate 
vicinity  of  the  circumvallate  papilhp  and  the  so-called  papilla  foliata,  sit- 
uated near  by. 

The  epithelium  of  the  circumvallate  papilLe  does  not  materially  differ 
from  that  of  the  fungiform  papilla;,  but  is  characterized  by  a  large  number 
of  tOMte'hulbs  (Aw).  In  the  fungus-shaped  papills:  they  are  present  in  very 
Biiiull  amounts.  In  the  circumvallate  papilla  they  are  found  in  dense  j^oupa 
within  the  trench.  Our  specimen  shows  them  as  oval  formations,  situated 
within  the  epithelium,  their  long  axiw  forming  a  right  angle  with  the  surface. 
Their  structure  will  be  discussed  in  detail  under  the  organs  of  special  sense 
(p.  II,  875). 

The  muBclej  are  arranged  in  the  same  manner  as  in  the  preceding 
specimen. 


PLATE  46 


Fig.  111. — ^From  a  Section  of  the  Human  Faucial  Tonsil 

Fig.  112. — Sublingual  Gland  of  Man 
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Fig.  111. — From  a  Section  of  the  Human  Faucial  Tonsil  » 

24.     %.     Formalin.     Frozen  section.     Biondi  solution. 

The  excised  organ  is  divided  longitudinally  into  two  halves,  which  ar« 
fixed  in  10%  formalin.  Frozen  sections  are  made  and  stained  in  Biondi  solu- 
tion (p.  67). 

The  Tonsil. 

Our  picture  shows  the  initial  portion  of  the  specimen.  At  the  left  we  see 
the  mucous  membrane  of  the  mouth  and  its  minute  mucous  glands  {schldr)y 
below  that  the  bisected  muscles  of  the  faucial  fold.  As  the  mucous  membrane 
approaches  the  tonsil,  the  number  of  lymphocytes  in  the  propria  increases, 
gradually  forming  small  follicleM  (fo).  The  surface  of  the  organ  itself 
shows  a  deep  sinus,  caused  by  the  tonsillar  fossula^  one  of  which  is  represented 
here  (/O*  The  epithelium  of  the  oral  cavity  (ep)  continues  into  these 
sinuses,  subject  to  certain  changes  {ep^).  While  in  the  oral  cavity  it  is 
sharply  defined  from  the  propria,  the  border-line  here  is  not  so  distinct,  due 
to  the  presence  of  lymphocytes  in  both  propria  and  epithelium.  The  entire 
wall  of  the  sinus  consists  of  adenoid  tissue,  such  as  we  have  met  when  dis- 
cussing the  lymph-gland  (p.  II,  149).  Smaller  and  larger  follicles  (/o,)  are 
found  within  it.  The  lymphocytes  furnished  by  them  migrate  constantly 
through  the  epithelium  of  the  sinuses  into  the  oral  cavity,  thereby  altering  the 
appearance  of  tlie  former. 

Fig.  112. — Sublingual  Gland  of  Man 

60.     Sublimate.     Frozen  section.     Biondi  solution. 

For  the  study  of  the  large  salivary  glands  small  pieces  of  the  gland  of 
an  adult  are  excised  shortly  after  death  and  transferred  for  five  to  six  hours 
into  a  3%  sublimate  solution.  They  are  washed  in  running  water  overnight  and 
thereafter  placed  in  5%  formalin.  Very  thin  frozen  sections  are  stained  in 
Biondi  solution  (p.  67). 

Under  low  power  we  find  the  gland  arranged  in  lobuleMp  i.e.,  smaller  or 
larger  parts  of  glandular  parenchyma  are  separated  by  connective  tissue. 
Within  the  interlobular  connective  tissue  we  see,  aside  from  the  large  ves- 
sels, the  glandular  ducts.  They  are  of  varying  calibre  and  show  diflFerent 
structures.  The  large  ducts  (agr),  which  either  join  to  form  the  ductus 
sublingualis  major  or  leave  the  gland  as  ductus  subiinguaies  minores,  are 
lined  by  a  double  layer  of  cylindrical  epithelium.  Further  inward  we  have 
a  layer  of  moderately  high  cylindric  cells,  covered  by  a  bright  red  cuticular 

185 


18f. 


Exti-rnally  a 
;o  «f  the  (Juct, 
loth  longitiidi- 


bund,  undcrncatli  which  wc  see  n  .single  layt^r  of  cuboid  cells 
structureless  baxnl  membrane  follows  and,  according  to  the  t 
a  grenter  or  lesser  amount  of  connective  tissue,  witli  a  few  si 
nal  muscle  fibres  intermingled. 

These  large  ducts  are  formed  by  the  union  of  srnaller  ducts,  which  are 
likewise  interlobular;  one  of  these  is  depicted  at  the  left  side  of  our  speci- 
men (upr)  in  transverse  section.  These  atdivOTy  tubules,  as  we  will  call 
thenii  differ  from  the  ducts  primarily  by  their  epithelium.  Instead  of  two 
layers  we  have  one  single  layer  of  cylindnc  epithelium.  Furthermore,  the 
connective  tissue  advcntitia  of  the  duct  has  been  considerably  reduced  in  size. 

Jnlralobular 
Sallvarg  Tracts. 

The  brunches  of  the  salivary  tubules  now  enter  the  lobules  themselves, 
forming  the  intralobular  tracts,  which  differ  in  structure  from  the  former 
inasmuch  as  the  cells  become  flatter.  One  such  tract  is  seen  at  «pr,,  ajid 
here  we  can  observe  its  further  destination.  It  becomes  abruptly  thinner, 
merging  into  the  short  interted  piece,  which  is  lined  by  low  cuboid  celts 
and  in  turn  breaks  up  into  several  cylindrical  or  more  rounded  spherical 
end-pieces.     The  latter  are  lined  by  the  actual  secretory  cells. 

Thtr  Secretary 
EpilhfUum. 

As  regards  the  secretory  cells,  the  different  lobules  show  variations.  One 
lobule  will  be  found  to  be  composed  exclusively  of  blue  mucous  cells. 
Here  the  cells  are  fairly  large,  the  end-pieces  are  cylindrical,  having  wide 
lumina  and  showing  numerous  lateral  bights.  Close  by  wc  may  encounter  a 
lobule  which,  aside  from  the  blue  mucous  cells,  contains  numerous  ri'd  cells, 
which  either  lie  between  the  mucous  cells  or  form  the  lining  of  the  end-piece* 
exclusively.  High  power  will  demonstrate  to  us  that  in  many  mucous  cells 
the  central  portion  alone  contains  mucus,  while  the  base  of  the  cell,  where 
the  nucleus  is  situated,  holds  red-stained  protoplasms.  In  these  lobules,  which 
are  evidently  in  the  state  of  secretion,  we  may  study  all  the  stages  of  the 
expulsion  of  mucus.  The  cell,  when  filled  with  mucus,  appears  large,  stain- 
ing light  blue  in  our  specimen.  Its  nucleus  lies  at  the  base,  being  compressed 
and  flattened  by  the  pressure  of  the  contents.  As  soon  as  the  expulsion  of 
mucus  sets  in,  the  nucleus  will  resume  its  round  shape,  the  red  protoplasm 
around  it  reappearing  and  advancing  toward  the  lumen  until  all  the  mucus 
has  been  expelled.  As  the  mucus  is  thrown  off  the  cell  decreases  in  size 
considerably.     ■ 

The  sublingual  gland  of  man  thus  is  to  the  greater  part  a  mucous  gland, 
although  we  find  aside  from  those  end-pieces,  which  are  lined  by  i 
also  such  which  contain  albumin  cells. 


PLATE  47 


Fig.  113. — ^The  Human  Parotid  Gland 
Fig.  114. — ^The  Human  Submaxillary  Gland 


Fig.  113. — ^The  Human  Parotid  Gland 

60.     Sublimate.     Frozen  section.      Biondi  solution. 

The  parotid  ^and,  though  similar  in  many  respects  to  the  sublingual, 
contains  no  mucous  glands.  It  is  likewise  a  lobulated  gland;  the  lobules  are 
separated  by  still  stronger  connective  tissue  bands,  containing  fat  (/)•  The 
ducts  do  not  differ  materially  from  those  of  the  sublingual  gland;  ag  shows 
such  a  duct,  lined  by  stratified  cylindrical  epithelium  and  surrounded  by 
•arteries  (a)  and  veins  (v).  A  different  picture  is  met  in  the  salivary 
tubules.  Spr  shows  the  transverse  section  of  such  a  tubule.  The  cells  are 
relatively  high,  presenting  a  dark  inner  and  light  outer  zone,  the  latter  having 
a  fine  radiatin/^  striatum.  Wc  have  here  Heidenhoin^S  rod^cellMf  the 
details  of  which  we  will  discuss  later.  The  transition  of  these  salivary  tubules 
into  the  secretory  end-pieces  takes  place  through  long,  inserted  pieces,  see  at 
spr^y  to  which  the  small  rounded  or  elongated  end-pieces  are  attached. 

Secretory  Epithelium. 

The  epithelium  linmg  the  latter  is  composed  of  small  cuboid  or  conical 
cells,  the  finer  types  of  which  we  have  already  met  with  at  the  beginning  of 
our  course  (p.  II,  16).  These  granules,  which  we  observed  at  that  time  in  the 
meshes  of  the  cellular  protoplasm,  represent  the  pre-stage  of  the  parotid 
secretion,  an  albuminous,  clear,  freely  flowing  liquid,  while  the  secretion  of 
the  sublingual  gland  is  viscid,  due  to  its  mucous  contents.  Thus  we  can  say 
that  the  human  parotid  is  a  purely  seroUB  gliuul* 

Fig.  114. — The  Human  Submaxillary  Gland 

60.     Sublimate.     Frozen  section.     Biondi  s(Jution. 

The  submaxillary  gland  of  man  shows  striking  structural  similarities  with 
the  parotid,  differing  from  it  by  the  fact  that,  besides  the  globular  serous 
end-piwes,  we  also  find  elongated  mucous  end-pieces.  The  former  are  much 
more  numerous  in  man  than  the  latter.  The  interlobular  connective  tissue  is 
never  so  strongly  developed  as  in  the  parotid.  Our  specimen  shows  in  this 
interlobular  connective  tissue  besides  arteries  (a)  and  veins  (r),  also  a  small 
duct  i^g)  which  divides  above  to  form  BtditHUry  titbuleSp  the  lumen  of 
the  duct  becoming  wider  thereby.  The  left  branch  (*pr.)  merges  quickly 
into  a  short  intermediate  piece,  to  which  is  attached  a  short  end-piece 
lined  by  albumin  cells.  Similar  conditions  prevail  in  'the  salivary  tubules 
spr^  and  spr^^  with  the  difference  that  here  the  intermediate  pieces  are  longer 
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and  studdi'd  with  several  cnd-pieccs.  A  cross-acction  of  a  salivary  tubule  is 
si-en  at  the  place  niarlied  ipr,  showing  the  wealth  of  this  gland  in  tracts,  lined 
by  rod  epithelium,  as  compared  with  the  parotid. 

MiicoHi  Tiibtilfs  and 
GiufuiMian   Crfictnis. 

Sharply  defined  from  the  red -stained  serous  end- pieces  are  the  blue 
mucous  tubules,  which  are  connected  with  the  salivary  tubules  by  interme- 
diate pieces  in  the  same  manner  as  the  serous  end-pieces.  The  cells  are  per- 
haps a  trifle  smaller  than  those  of  the  sublingual  gland.  On  the  free  end  of 
the  mucous  tubule  wc  always  find  a  group  of  albuminous  cells,  arranged  like 
II  hood,  the  so-culkd  Cianuzzian  crescent* 


PLATE  48 

Fig.  lis. — Submaxillary  Gland  of  Man 

Fig.  116. — Injected  Sjrstem  of  Ducts  in  the  Submaxillary  Gland 

of  the  Cat 


Fiff.  lis.— Submaxillary  Gland  of  Man 

400.     Sublimate.     Fruzcn  section.     Biomii  solution. 

Finer  Strueiure  of 

the  Submaxillary   Gland. 

We  will  now  take  one  of  the  sections,  select  a  proper  flold  and  examine 
it  with  high  power.  First  we  notice  a  aalivary  tubule,  which  has  been  cut 
obliquely.  Externally  it  is  surrounded  by  a  red,  structureless  mBmbrona 
propria,  on  the  inner  side  of  which  we  obser\'c  nuclei  {kz).  They  belong  to 
the  basket  cells,  branching  cells,  the  processes  of  which  anastomose;  they 
are  deposited  between  the  niembrana  propria  and  the  epithelial  cells.  They 
are  found  on  the  secreting  end-pieces  as  well  as  on  the  intermediate  pieces, 
while  on  the  salivary  tubules  they  gradually  disappear.  The  epithelium  of 
the  salivary  tubules  consists  of  cylindric  cells,  the  outline  of  which  can  barely 
be  discerned.  The  cement  plugs,  interposed  between  the  free  ends  of  the  cells 
near  the  lumcr,  render  the  outline  of  the  individual  cell  visible.  The  nucleUH 
lies  in  the  cell  centre  or  nearer  to  the  lumen  of  the  tubule.  The  basal  end  of 
the  cell  shows  the  rod  design,  as  mentioned  before.  The  microsomes  of  the 
protoplasm  are  arranged  successively  in  rows,  giving  the  appearance  of  rods 
in  tliicker  sections. 

An  inserted  or  intermeduile  piece  (>ckl)  is  also  seen  in  our  sec- 
tion; however,  it  has  been  cut  obliquely,  so  that  (he  lumen  with  its  lining  of 
light,  low,  cylindrical  cells  can  only  be  seen  at  one  place. 

Several  aerous  enJ-piecet  are  seen,  partly  in  oblique,  partly  in  trans- 
verse section.  Their  lumen  is  narrow;  the  conical  cells  are  filled  with  bright 
red  secretory  granulcf.  Tlie  nucleus  generally  lies  near  the  base  of  the  cell, 
but  may  advance  us  far  as  the  centre.  The  lumen  sends  out  minute  procegses 
lietween  the  cells,  the  secretory  capillaries. 

Finally  we  will  examine  the  mucous  end-pieces,  of  which  we  find  two 
sections  in  our  specimen.  Their  widely  gaping  lumen  is  lined  with  mucous 
cells  of  different  sizes,  the  average  being  larger  than  the  serous  cells.  They 
are  filled  with  mucous  granules;  the  nucleus  is  compressed,  lies  at  the  ceU- 
base,  and  frequently  is  jagged,  presenting  pointed  processes.  Between  the 
cells,  filled  with  mucus,  we  also  find  such  as  have  partly  or  entirely  given  up 
their  contents. 

Three  cTeScents  or  half  moons  (Mb)  are  shown  in  our  specimen.  The 
one  in  the  centre  is  most  favorably  cut.  We  will  notice  how  the  crescent  cells 
arc  the  direct  continuation  of  the  mucous  cells;  they  also  spread  sideways  be- 
tween the  mucous  cells  and  the  menibrana  propria,  pushing  the  former  away 
from  the  latter.  From  the  luinen  of  the  end-piece,  near  the  crescent,  sev- 
eral minute  secretory  capillaries  arise,  which  advance  between  the  crescent 
cells  and  along  the  border-line  between  mucous  and  crescent  cells.     The  cres- 


ci'iit  ceils  tliciiisclvcs  show  tht  saint:  structuri'  a 
pieces,  being,  without  doubt,  identical  with  thcr 


Fig.  116. — Injected  System  of  Ducts  in  the  Submaxillary  Gland 
of  the  Cat 


300.     Vital  injectioB  of  methylene  blue.     Frozen  section. 

To  gain  a  general  aspect  of  the  system  of  ducts  draining  this  labyrinth  of 
glandular  tubules  and  aceni,  we  may  use  the  injection  method,  introducing 
Berlin  blue  through  the  duct.  Such  an  injection  into  a  blind  system  of 
tiucts  is  very  difficult,  and  naturally  is  very  apt  to  result  in  extravasation, 
hence  the  natural  injection  is  much  to  be  preferred,  A  1-2%  solution  of 
methylene  blue  should  be  used  in  the  manner  described  on  p.  69.  The  experi- 
ment can  be  conveniently  made  on  the  cat.  A  quarter  of  an  hour  after  the 
completion  of  the  injection  the  gland  is  excised,  divided  into  small  pieces,  and 
the  latter  are  fixed  and  washed  in  the  manner  described  on  p.  62,  Thick  sec- 
tions are  made  on  the  freezing  microtome,  quickly  dehydrated  in  alcohol  and 
mounted  in  balsam. 

The  activity  of  the  gland  has  lasted  through  the  injection;  the  dye  hav- 
ing been  excreted  by  the  cells,  now  occupies  the  limien  of  the  ducts,  which 
appear  filled  with  the  dyestuff,  while  the  cells  themselves  remain  absolutely 
unstained.  In  other  places  the  reverse  condition  prevails,  the  ducts  being 
empty  and  the  cells,  which  evidently  lost  their  vitality  early,  being  stained 
blue.  The  nuclei  can,  of  course,  be  stained  separately  in  such  a  section  with 
any  desired  dye,  e.g.,  carmalum,  but  in  a  specimen  of  this  character  such  a 
procedure  is  hardly  advisable. 

The  submaxillary  glands  of  the  cat  and  the  dog  are  mixed  glands,  but,  in 
contradistinction  to  the  human  submaxillary,  the  mucous  element  predomi- 
nates by  far,  the  serous  portion  being  only  represented  by  the  crescents. 
Our  specimen  shows  a  mucous  end-piece,  dividing  into  seven  branches.  A 
crescent  is  mounted  upon  each  end-piece;  between  the  cells  of  the  former  we 
can  notice  the  terminal  branches  of  the  duct  system  ending  in  secretory 
capillaries. 


PLATE  49 

Fig.  117. — ^Longitudinal  Section  through  the  First  Portion  of  the 

Infantile  Oesophagus 

Fig.  118. — ^Longitudinal  Section  through  the  Cardiac  Orifice  of 

the  Stomach  of  the  Monkey 


Fig.  117. — Longitudinal  Section  through  the  First  Portion  of  the 

Infantile  Oesophagus 

86.     %.     Formalin.     Frozen  section.     Cresyl  violet. 

Little  is  to  be  said  about  the  technical  manipulation  of  the  specimen. 
The  oesophagus  is  cut  open  longitudinally,  mounted  on  a  wax  plate  and  fixed 
in  10%  formalin.  The  following  day  small  strips  are  cut  with  the  razor  at 
different  heights,  transferred  to  5%  formalin  and  sectioned  the  next  day  on 
the  freezing  microtome.     The  sections  are  stained  in  cresyl  violet  (p.  62). 

(Esophagus. 

Our  picture  represents  a  section  from  the  beginning  of  the  oesophagus, 
cut  longitudinally.  The  epithelium  is  the  stratified  epithelium  of  the  oral 
cavity.  It  is  mounted  on  a  propria,  which,  like  the  one  of  the  mouth,  forms 
papills.  The  subwucosu  here  is  still  intimately  connected  with  the  propria, 
becoming  separated  from  it  lower  down.  In  the  submucosa  we  find  a  few 
mucous  glcmds  (schldr)y  their  duct  being  cut  longitudinally  {drg)  for  a 
short  distance.  Furthermore  we  find,  in  other  sections,  a  different  sort  of 
glands,  situated  more  superficially,  the  so-called  cardiac  {^esophageal 
glands,  which  we  will  meet  again  when  discussing  the  cardiac  orifice  of  the 
stomach. 

The  muscular  layer  of  the  oesophagus  consists  in  the  upper  third  almost 
exclusively  of  striated  fibres,  which  form  bundles,  running  longitudinally  and 
in  spiral  fashion;  they  appear  therefore  in  longitudinal  and  oblique  section. 
In  the  middle  portion  of  the  oesophagus  the  striated  fibres  are  more  and  more 
replaced  by  smooth  muscle,  which  exclusively  forms  the  musculariB  of  the 
lower  third. 

Fig.  118. — Longitudinal  Section  through  the  Cardiac  Orifice  of 

the  Stomach  of  the  Monkey 

35.     %.     Sublimate-acetic  acid.     Frozen  section.     Biondi  solution. 

Since  it  is  very  difficult  to  obtain  absolutely  normal  human  gastric  mu- 
cous membrane,  we  will  confine  ourselves  to  animal  material.  Monkey,  cat 
and  dog  furnish  excellent  specimens,  which  essentially  present  the  same  con- 
ditions as  found  in  man.  The  animal  should  be  starved  for  one  to  two  days 
and  killed  with  chloroform.  The  stomach,  including  a  part  of  both  oesophagus 
and  bowel,  is  excised  immediately  after  death,  spread  on  a  large  wax  plate 
and  fixed  in  sublimate-acetic  acid  (p.  81)  for  five  to  six  hours.  After  wash- 
ing, we  excise  narrow  pieces  from  the  different  parts,  cardia,  fundus  and 
pylorus,  which  are  transferred  to  6%  formalin  and  cut  the  following  day 
on  the  freezing  microtome.     Cresyl  violet  (p.  62)  proves  the  most  valuable 
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preparation  fo:-  stAJtiing.  In  the  mogt  simple  manner  possible  it  brings  about 
an  excellent  difTercntiation  of  all  the  important  elements.  Biondi  solution 
(p.  67)  is  abo  to  be  recommended. 

Transition  of  the 
(Esuiihagus  into  the  Stomach. 

We  will  first  consider  a  longitudinal  section  through  the  cardla  of  the 
monkey,  which  will  demonstrate  to  us  the  transition  (X)  of  the  oesophagus 
into  the  stomach.  On  the  left  we  have  the  extensively  stratified  flat  epithe- 
lium of  the  oesophagus,  which  becomes  thinner  toward  the  right  and  ceases 
abruptly.  Its  place  is  taken  by  the  iiiucb  thinner  simple  cylindrical  epi- 
thelium of  the  stomach. 

The  propria  of  the  oesophagus  (mc),  forming  high  pttpillK,  is  separated 
from  the  underlying  submucOBa  by  a  thin  layer  of  muscle,  the  maacalariM 
mucosae  (mmc).  Although  we  meet  it  here  for  the  first  time,  it  is  found 
in  the  higher  sections  of  tlie  iBi^opliagus  also.  Wliere  the  mucous  membrane 
of  the  (esophagus  merges  into  that  of  the  stomach,  the  propria  forms  a 
swelling,  into  which  the  fibres  of  the  muaculan's  mucosae  radiate  from  both 
sides.  This  place  may  he  recognized  raacroscopicaUy  as  a  ring-shapi'd  fold 
projecting  into  the  interior  of  the  stomach.  The  epithelium  of  the  stomach 
dips  into  the  propria  on  various  places,  forming  numerous  glands,  which  we 
call  cardiac  glands.  They  are,  as  we  have  seen,  present  in  the  cesophagus. 
In  the  stomach  they  are  found  only  in  the  region  of  the  cardiu,  soon  giving 
way  to  the  fundus  glands.  They  are  in  all  essentials  similar  to  the  pyloric 
glands,  which  we  will  soon  discuss,  having,  like  the  latter,  a  lining  of  light 
cylindrical  cells. 

In  the  connective  tissue  submucosa  {sbmc)  we  notice  at  one  place  a  col- 
lection of  lymphocytes,  a  small  follicle  (/o).  Such  follicles  arc  not  rare  in 
the  submucosa  and  mucosa  of  the  human  stomach ;  whether  they  should  be 
considered  normal  or  pathological  is  a  question. 

The  Smooth  Muscle  Layer  of  the  (esophagus  is  continuous  with  that 
of  the  stomach.  We  find  an  outer,  thin  longitudinal  layer,  followed  internally 
by  a  thicker  circular  stratum.  In  other  parts  of  the  stomach  we  have,  in 
addition  to  these,  some  oblique  bundles. 

Externally  to  the  muscularis  is  the  strongly  developed,  vascular  sub- 
serosa  i»bs),  a  loose  connective  tissue  layer,  containing  a  network  of  elastic 
fibres.  Following  this  layer  we  have  the  serosa  ('),  a  simple  Bat  epithelial 
stratum,  such  as  we  have  met  before.  It  is  separated  from  the  subserosa  by 
an  elastic  membrane. 


PLATE  50 

Fig.  119. — Mucous  Membrane  of  Fundus  of  Monkey's  Stomach 

Fig.  120. — Fundus  Gland  of  the  Monkey 
Fig«  121. — ^Pylpric  Mucous  Membrane  of  the  Monkey 


Fig.  119. — Muctnu  Membrane  of  Fundus  of  Monkey**  Stomack 

200.      %.      Subliinate-acftic    ncId.      Froz.tii   section.      Crtsyl    viok-t. 

Looking  at  a  section  of  the  fundiiK  of  tho  utoinach  with  low  power,  wc 
recognise  narrow  depressions  In  the  mucous  membrane,  which  can  be  diatin- 
^ished  mnrroscopically,  being  known  ns  gOMtric  dunplet  (vuigr). 

Surfacr  EpUhrlium 
0/  llie  Stomach. 

These  depressions  are  lined  with  the  surface  epithelium  of  the  stomach. 
The  latter  consists  of  a  simpb-  layer  of  long  cylindrical  cells.  The  nucleus  is 
most  often  found  near  the  base  within  deep-staining  granular  protoplasm. 
The  rest  of  the  cell  stains  very  weakly.  These  cells  are  credited  with  the 
secretion  of  the  gastric  mucus.  Treated  with  reagents  us  well  as  with  dye- 
stuffs,  they  differ,  however,  distinctly  from  other  mucous  cells,  e.g.,  the  goblet 
cells  or  the  mucous  cells  of  the  salivary  glands.  Our  specimen  shows  this 
plainly.  While  the  ordinary  mucous  eel!  takes  a  metachromatic  red  stain 
with  cresyl  violet,  the  gastric  epithelial  cell,  like  iilher  protoplasm,  stains 
blue.     Perhaps  this  ib  due  to  n  greater  percentage  of  iilhumin  in  these  cells. 

Fundus  Glands. 

The  gastric  glandt  open  in  the  depth  of  the  gastric  dimples.  In  the 
fundus  they  are  long,  simple  or  c<Mnpound  tubular  glands,  generally  very 
closely  aggregated.  They  are  surrounded  on  all  sides  by  the  propria  of  the 
stomach,  the  latter  rising  between  them  to  form  the  foundation  for  the  walls 
of  the  dimples.  The  propria  always  contains  mast-cells  {mz)  and  smooth 
muscle  fibres  (m)  arising  from  the  muscularis  mucosa;,  which  is  not  included 
in  our  specimen.  Furthermore,  it  is  supplied  with  a  dense  network  of  blood 
capillaries,  which  encloses  each  gland  and  reaches  up  to  the  surface  epi- 
thelium. 

Each  gland  presents  a  neck  (drh),  which  opens  into  a  gastric  dimple, 
an  elongated  kody  {drk)  and  a  blind  fundtU  (drgr),  the  latter  often  some- 
what bent.  The  lumen  is  fairly  narrow  and  lined  by  two  kinds  of  cells. 
Some  are  smaller  and  stain  reddish  violet,  others  are  larger  and  stain  blue. 
The  former  arc  the  chief  cells,  the  latter  the  parietal  cells. 

Dislrihution   of  Chief 
and  Parietal  Cells. 

These  two  kinds  of  cells  are  not  evenly  distributed  over  the  glandular 
tube.     In  the  neck  the  parietal  cells  predominate,  becoming  scarcer  toward 
200 
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the  fundus.  While  in  the  neck  they  lie  between  the  chief  cells;  they  deserve 
their  name  better  in  the  glandular  body,  where  they  form  the  parictes  of  the 
tube. 

Fig.  120. — Fundus  Gland  of  the  Monkey 

600.     %.     Sublimate-acetic   acid.     Frozen   section.     Cresyl  violet. 

Examining  the  base  of  such  a  gland  under  high  power,  we  find  charac- 
teristic differences  between  the  two  varieties  of  cells.  The  glandular  tube  is 
surrounded  by  a  structureless  memhrano,  propria^  studded  externally  by 
nuclei,  which  belong  to  cells  of  a  shape  similar  to  that  of  the  basket  cells  of  the 
salivary  glands  (p.  II,  198). 

Chief  Cells, 

Here  the  narrow  lumen  of  the  gland  is  lined  exclusively  with  chief  cells, 
high  cuboid  or  low  cylindric  cells,  the  bodies  of  which  are  entirely  filled  with 
coarse  granules.  It  is  often  difficult,  at  times  impossible,  to  define  the  bor- 
ders of  the  different  cells.  The  granules  stain  in  the  same  reddish  violet  hue 
as  the  nucleus,  which  lies  at  the  base  of  the  cell  and  is  easily  overlooked. 

Parietal  CelU, 

These  are  essentially  larger  than  the  chief  cells;  they  are  more  or  less 
remote  from  the  lumen  of  the  gland,  being  connected  with  it  by  shorter  or 
longer  ducts,  leading  between  the  chief  cells  to  the  lumen.  The  cell-body  is 
light  blue  and  filled  with  numerous  fine  granules,  which  are  stained  dark  blue. 
The  round  or  oval  nucleus  lies  either  in  the  centre  of  the  cell  or  may  be  sit- 
uated more  toward  the  base.  Not  infrequently  we  find,  especially  distinctly 
in  the  uppermost  parietal  cell,  that  the  cell-body  is  crossed  by  a  network  of 
light  lines.  They  are  the  so-called  basket  CdpillcorieB,  a  meshwork  of 
tubules  within  the  cells,  through  which  the  secretion  leaves  the  cell.  The 
basket  capillaries  are  only  found  in  the  parietal  cells,  not  in  the  chief  cells. 


Fig.  121.— Pyloric  Mucous  Membrane  of  the  Monkey 

200.      •%.     Sublimate-acetic   acid.      Frozen   section.     Cresyl   violet. 

A  picture  differing  entirely  from  the  mucous  membrane  of  the  stomach  is 
presented  by  the  mucous  membrane  of  the  pylorus.  Our  specimen  shows 
very  roomy  and  deep  gastric  dimples  {nuigr).  In  man  they  are  as  deep,  but 
not  quite  so  bioad.  They  are  lined  with  the  same  cylindrical  epithelium 
as  those  of  the  fundus. 

Pyloric  Glands. 

The  gastric  glands  here  arc  quite  different  from  those  seen  before.  They 
are  not  so  closely  approximated,  being  separated  by  greater  interspaces,  oc 
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cupicd  by  the  propria.  Again  they  are  long  simple  or  compound  tubules 
like  those  of  the  fundus,  but  they  ure  not  placed  longitudinally,  but  have  a 
tortuous  coursf,  so  that  we  do  not  find  longitudinal,  but  transverse  and 
oblique  sections  of  the  tubule. 

The  glands  are  lined  with  cuboid  or  cylindrical  cells,  which  completely 
assimilate  the  thief  cells  of  the  fundus  gland,  containing  likewise  varying 
nmuunts  of  course  secretory  granules. 

The  chief  cells  thus  are  a  common  element  of  the  glands  of  all  parts  of 
the  stomach;  they  have,  in  all  probability,  the  function  of  secreting  the  fer- 
ment of  the  gastric  juice,  the  pepsin.  The  granules  contained  within  them 
may  be  regarded  as  a  prc-sfagc  of  it.  Our  specimen  shows  granular  masses 
in  the  dimples  of  the  pylorus,  after  having  been  expelled  from  the  cells.  The 
parietal  cells,  on  the  other  hand,  arc  only  found  in  company  with  the  chief 
cells  in  the  glands  of  the  fundus.  They  probably  arc  the  manufacturers  of 
the  hydrochloric  acid  of  the  gastric  juice. 


PLATE  51 

Fig.  122. — ^Junction  of  Stomach  and  Duodenum  of  the  Monkey 

Fig.  123. — Jejunum  of  Child 


Fig.  122. — Junction  of  Stomach  and  Duodenum  of  the  Monkey 

L.tnpitudinHl  section.     15.     ^l,.     SiiliIiTiiHte-acftif  ncld.      Fru/fn  sfcti..ii. 


The  junction  of  fltomaoh  (ma)  nnd  intestine  (.dd),  shown  in  our  speci- 
men, is  niurked  by  a  fold  of  mucous  membrane,  which  projects  into  the  duo- 
denum. Beneath  it  the  powerful  muscular  layer  forms  »  ring-shnped  swell- 
inf^,  tapering  toward  the  lumen,  the  sphincter  pylori  (uphp).  It  con-tists 
m'linly  of  circular  fibres,  into  which  the  lonffitudiniil  muscular  fibn-s  pierce 
from  the  exterior  in  a  radiating  iirrnngtmi-nt. 

At  the  left  we  sw  the  pyloric  mucous  mcmbram.'  with  transverse  and 
olilique  sections  of  glands;  it  extends  over  the  height  of  the  fold  and  only  at 
the  distal  declining  surface  of  the  fold  merges  into  the  intestinal  mucous  mem- 
brane.    Just  in  front  of  the  junction  we  sec  a  small  lymph-follicle  ifo). 

The  intestinal  mucous  membrane  (fffc),  even  under  low  power,  differs  in 
many  respects  from  the  gastric  mucous  membrane.  One  differentiating  fac- 
tor is  found  in  the  presence  of  shorter  or  longer,  fingcrlike  processes,  pro- 
jecting into  the  lumen,  the  villi  (=),  betwi.*n  which  wc  notice  depressions 
reaching  down  to  the  muscularis  niucosw  {mmc),  tubular  in  shape,  the 
glands  of  Lieberkuehn  (crypts  of  L.).  Bisidfs  these  we  find  a  large 
deposit  of  glands  in  the  submutosa,  BrunnCT^S  glands  (brdr).  Contrary 
to  the  findings  in  the  stomach,  we  thus  have  here  glands  which  are  situated  in 
the  submucosa.  The  surface  epithelium  likewise  presents  characteristic  dif- 
ferences. While  in  the  stomach,  the  cells  stained  in  an  even  pale  red,  we  find 
among  the  intestinal  epithelium  numerous  elements  staining  intensively  blue 
with  the  basic  dye;  they  are  goblet  cells. 


Fiy.  123. — Jejunum  of  Child 

Longitudinal  section.     25.     %.     Formalin.     Frozen  section.     Biondi  solution. 

For  the  study  of  other  portions  of  the  intestinal  tract  under  low  power 
we  will  select  first  the  jejunum  and  later  the  transverse  colon.  Little  need  ba 
said  regarding  the  technique.  The  bowel  should  be  excised  shortly  after 
death,  split  open  longitudinally,  immediately  spread  on  wax  plates  and  fixed 
in  10"    formalin.     Frozen  sections  arc  stained  in  Biondt  solution  (p.  67). 

Stroch.n-  of  Ihe 
Jeiuno-IUum. 

C<)nsidering  first  a  longitudinal  section  through  the  jejunum  of  the  child, 
we  find  the  intestinal  mucous  membrane  in  short  folds,  one  of  which  presents 
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small  secondary  folds.  They  are  Kerkring^B  folds  (kf).  They  are  cov- 
•ered  by  mucous  membrane,  which  here  has  numerous  long,  fingcrlike  villi 
(z).  Between  the  villi  we  again  find  the  short  cryptB  of  Lieberkuehn 
(Idr)j  extending  deeply  into  the  muscularis  mucosa?  (mmc),  which  divides  the 
mucous  membrane  from  the  submucosa.  The  Bubmncosa  (smc),  well  de- 
veloped in  the  folds,  is  richly  supplied  with  blood-vessels,  but  does  not  contain 
glands  like  the  duodenum.  The  muscular  coat  again  consists  of  an  inner 
circular  (mj)  and  an  outer  longitudinal  (^o)  layer.  The  main  differ- 
entiating factors  between  jejunum  and  upper  duodenum  are  therefore  the 
presence  of  Kerkring^s  folds,  the  plica?  circulares  and  the  want  of  Brunner*s 
glands  in  the  former.  Between  circular  and  longitudinal  muscular  layers  we 
find  the  collection  of  nerves  known  as  Auerbach^B  plexUB  (aupl).  Exter- 
nally the  longitudinal  muscular  layer  is  covered  by  the  8er€M8  COOC  (t). 


PLATE  52 

Fig.  124. — ^TransYerae  Colon  of  a  Child 
Fig.  125. — ^Villus  from  the  Small  Intestine  of  the  Monkey 


Fig.  124. — Tran>ver»e  Colon  of  a.  Child 

Transverse  section.     35.     Formalin.     Frozen  section.     Biondi  solution. 

In  the  large  intestine  conditionij  vary  essentially.  First  of  all  the  circular 
Kerkring'x  fold.s,  which  had  become  rare  in  the  lower  part  of  the  smiill  intes- 
tine, disappear  altogether.  Their  place  is  later  on  taken  by  the  plicae  semi- 
luruwes,  which,  however,  are  not  solely  folds  of  the  aubmucosa,  but  also  con- 
tain muscularis. 

r/.e  MmscuUt  Coat  of 
the  Large  Intentine. 

The  muscles  of  the  intestine  are  also  altered  by  the  appearance  of  the 
taeniae  (t).  As  shown  in  our  specimen,  they  are  but  moderately  developed 
in  the  bowel  of  the  child,  being  represented  by  a  mere  thickening  of  the  outer 
longitudinal  muscular  stratum.  Between  longitudinal  (iWi)  and  circular  (m.) 
muscular  layers  we  notice  an  interposed  stratum  in  our  specimen,  the  nerve- 
plexas  of  Auerbach  (aupl).  Vieved  under  high  power  (see  Plate  23,  Fig. 
60),  it  appears  composed  of  multipolar  nerve-cells  and  non-medulla  ted  nerve- 
fibres,  which  ar^'  arranged  in  net  form  between  the  two  muscular  strata. 

The  submucosu  presents  no  features  of  interest. 

Mucosa  of 

Large  Inlestine. 

The  mucosa  again  contains  the  glands  of  Lieberkuehn  C'^f),  the  epi- 
thelium of  which  is  extraordinarily  rich  in  goblet  cells.  Our  picture  shows  a 
lymph- follicle  {fo)  in  the  mucosa.  The  latter  is  for  a  distance  trans- 
formed into  lymphadenoid  tissue,  thus  forming  the  follicle,  into  which  the  free 
surface  of  the  bowel  dips.  This  is  characteristic  of  the  follicles  of  the  large 
intestine,  but  is  never  found  neither  in  the  simple  nor  the  compound  follicles 
of  the  small  intestine. 

The  most  important  peculiarity  of  the  mucosa  of  the  large  intestine  lies 
in  the  fact  that  it  does  not  form  any  villi.  The  epithelium  shows  in  all  essen- 
tials the  same  conditions  as  we  will  find  in  the  small  intestine.  In  the  large 
intestine,  too,  mucosa  and  submucosa  are  separated  by  a  muscularis  mucosa 
(mwic),  which,  however,  especially  in  the  upper  and  middle  portion  of  the 
large  bowel,  is  less  well  developed  than  in  the  small  intestine. 
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Fig.  125. — Villus  from  the  Small  Intestine  of  the  Monkey 

Transverse  section.    400.    '54.    Sublimate-chroniic-osmic-acetic  acid.     Paraffin 

embedding.     Biondi  solution. 

We  will  endeavor  to  make  a  detailed  study  of  the  structure  of  the  intes- 
tinal villi.  It  proves  quite  difficult  to  obtain  really  good  specimens  of  the 
same,  since  the  action  of  many  fixing  agents  will  cause  the  body  of  the  villus 
to  become  detached  from  its  epithelial  covering.  This  is  especially  true  of  our 
simple  formalin  fixation.  The  best  results  are  obtained  from  osmic  acid  com- 
bined with  sublimate.  Of  the  various  combinations  we  will  select  the  sub- 
limate-chromic-osmic-acetic  acid  (p.  81).  The  specimen  must  be  fixed  imme- 
diately after  death;  therefore  we  should  use  the  intestine  of  the  cat,  dog  or 
monkey.  A  piece  of  the  jejunum  is  mounted  on  a  wax  plate  in  the  afore- 
mentioned manner  and  placed  in  the  above-named  fluid  for  six  to  eight  hours; 
thereafter  it  is  washed  in  running  water  overnight  and  dehydrated  in  the 
usual  manner.  While  in  the  95 /<  alcohol  small  square  pieces  are  cut  out  with 
the  razor,  transferred  to  absolute  alcohol,  and  after  the  use  of  chloroform  are 
embedded  in  paraffin.  Transverse  sections  through  the  villus  are  most  demon- 
strative, but  may  be  supplemented  by  longitudinal  cuts.  The  sections  are 
stained  in  Biondi  solution  (p.  67). 

Structure  of  the 
Intestinal   Villi, 

Fig.  125  shows  a  section  approximately  through  the  centre  of  the  villus^ 
Externally  the  villus  is  invested  with  high  cylindrical  epitheliunu  Between 
the  cylindrical  cells  numerous  goblet  cellM  (hz)  are  found.  The  structure 
of  the  epithelium  has  been  exhaustively  discussed  under  the  topic  of  cylin- 
drical cells  (p.  II,  35)  ;  we  therefore  refer  the  reader  to  that  section.  We  again 
see  migrating  cells  (u*::)  piercing  the  epithelium  on  two  places. 

The  epithelium  is  mounted  on  the  body  of  the  vUluSp  which  latter  is 
nothing  more  than  an  elevation  of  the  intestinal  mucosa.  Externally  it  is 
coveriKl  by  a  thin  boMol  membrane  (bm).  It  consists  of  flat,  branching 
cells,  which  are  mounti^l  upon  a  fine,  homogeneous  membrane,  and  send  their 
processes  into  the  stroma  of  the  villus.  The  latter  likewise  consists  of 
branching  anastomosing  cells,  viz.,  reticular  tissue  (str).  Numerous  lympho- 
cyivs  and  leucocytes  (/<•)  are  found  within  the  meshes.  In  our  specimen  they 
are  surprisingly  scarce. 

The  epithelium  of  the  villus  also  encloses  blood^VeMSelSp  arteries  (a), 
veins  (r)  and  capillaries  {be).  The  latter  are  generally  superficial,  being  in 
close  approxim<;tion  with  the  basal  membrane,  while  the  artery,  or  rather 
arteries,  at  timts  two  or  three  being  present,  are  situated  more  deeply.  The 
centre  of  the  villus  is  claimed  by  a  wide  lumen,  very  favorably  represented  in 
our  specimen;  this  is  the  centred  chyle^Veuel  (lactUe).  It  mounts  in  the 
axis  of  the  villus,  being  continuous  in  the  base  of  the  villus  with  a  network  of 
lymph- vessels,  which  is  distributed  over  the  intestinal  mucosa  and  surrounds 
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tlie  glands  of  Lieherkuehn.    The  central  cliyle-vesscls  of  the  villi  thus  repre- 
sent the  roots  of  a  system  of  chyle-vessels, 

The  last  component  of  the  body  of  the  villus  is  the  smooth  mUMcle  i^)- 
These  fibres  are  found  throughout  the  stroma  of  the  villus  as  fine,  bright-red 
cross- sections,  which  always  distinctly  show  their  composition  of  bisected 
fibrils.  Now  and  then  we  obtain  a  glance  nt  the  quite  narrow  nucleus.  Some- 
times isolated  cells  are  seen,  but  most  always  several  unite  to  make  a  small 
bundle.  These  smooth  muscle  bundles  are  derived  from  the  muscularis  mu- 
cosa. They  cross  the  body  of  the  villus  in  its  long  axis  and  become  attached 
to  the  basal  membrane.  Their  contraction  will  render  the  villus  shorter,  caus- 
ing it  to  wrinkle  in  transverse  folds.  Such  contracted  villi  are  very  fre- 
quently encountered  in  the  transverse  sections  of  the  intestine  of  the  dog  and 
the  cat. 
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Fig.  126. — Glands  of  Lieberkuehn  from  the  Intestine  of  the  Child 

Fig.  127. — Small  Intestine  of  Dog,  Showing  Injected 

Blood-Vessels 

Fig.  128. — Human  Liver 


Fig.  126. — Glands  of  Lieberkuehn  from  the  Intestine  of  the  Child 

400.     %.     Formalin.     Frozen  section.     Biondi  solution. 

The  study  of  the  glands  of  Lieberkuehn  is  a  good  deal  simpler  than  that 
of  the  villi.  The  epithelium  is  easily  fixed  with  formalin,  this  method  being 
especially  favorable  for  the  preservation  of  certain  granular  elements  of  the 
cells  of  the  glands.  Frozen  sections,  stained  in  Biondi  solution  (p.  67),  will 
give  excellent  demonstrations. 

Struciurp   of   ihe 
Glauds  of  Lieherl'uehn, 

The  glands  or  cryptt  of  Lieberkuehn  are  either  simple  or,  as  our 
specimen  shows,  bifurcating  crypts  or  depressions  in  the  intestinal  mucous 
membrane,  varying  in  length  in  different  portions  of  the  gut.  They  are  sur- 
rounded by  a  ntentbrana  propria  {nipr)^  which  is  similar  in  structure  to 
the  basal  membrane  of  the  villi,  being  the  direct  continuation  of  the  latter. 
The  lining  epithelium  is  very  similar  to  the  epithelium  of  the  villi,  but  slightly 
lower.  Again  we  find  numerous  goblet  cells  between  the  cylindrical  cells. 
They  are  less  numerous  in  the  crypts  of  the  small  intestine  than  in  those  of 
the  large.  Of  ^ery  frequent  occurrence  are  epithelial  cells  of  the  crypts  of 
Lieberkuehn  in  the  state  of  division,  this  being  the  case  not  only  in  the  grow- 
ing, but  also  in  the  mature  organism.  Their  appearance  here  is  so  constant 
that  the  small  intestine  of  certain  animals  is  selected  mainly  for  the  purpose 
of  demonstrating  indirect  cell  division.  The  left  tubule  of  our  specimen  shows 
three  nuclei  in  -the  state  of  mitosis,  two  in  the  prophase  (loose  bidl  and 
monantcr)  and  one  in  the  metaphase  (dijaster).  The  achromatic  spindle 
can  plainly  be  seen  in  the  latter  two.  The  position  ot  these  mitotic  figures  is 
also  characteristic.  While  ordinarily  the  nuclei  of  the  cvlindrical  cells  lie  in 
the  lower  third  of  the  cell,  the  mitotic  nuclei  appear  in  the  upper  third;  the 
division  is  thus  preceded  by  an  advance  of  the  nucleus  from  the  cell-base 
toward  the  lumen.  The  mitotic  picture  is  always  arranged  in  a  manner  that 
the  divisional  axis,  connecting  the  two  central  bodies,  is  ever  parallel  to 
the  long  axis  of  the  tubule,  the  ensuing  division  of  the  cell-body  taking  place 
at  right  angles  to  this  axis.  These  mitotic  conditions  are  most  often  seen  in 
the  middle  or  upper  portion  of  the  gland,  the  base  of  the  gland  generally 
being  free  from  them.  Evidently  this  phenomenon  means  the  substitution  of 
cells,  which  have  been  used  up.  This  consumption  of  cells  mainly  concerns  the 
goblet  cells.  The  goblet  cells,  after  fulfilling  their  purpose,  disintegrate,  and 
newly  formed  cells  advance  from  their  place  of  origin. 

Besides  cylindrical  and  goblet  cells,  the  crypts  of  Lieberkuehn  contain  a 
variety  of  cells,  entirely  characteristic  to  them,  the  Panethian  cells  (p^)- 
They  are  only  found  at  the  base  of  the  gland  in  form  of  cells,  broader  than 

212 


^"^t: 


!^ 


21S 

the  cylindric  cells,  the  bodies  of  which  are  filled  with  medium-sized  granules. 
Biondi  scdution,  better  than  any  other  staining  method,  demonstrates  just 
these  formations  splendidly.  If  the  staining  process  is  followed  by  rinsing  in 
distilled  water  instead  of  dilute  acetic  acid,  the  acid  fuchsin  is  strongly  ex- 
tracted from  the  cellular  protoplasm  of  the  cylindric  cells;  the  granules  of 
the  Panethian  cells,  however,  retain  the  stain  and  thus  become  beautifully 
differentiated  from  the  pale  epithelium.  The  nucleus  is  most  always  found  at 
the  cell-base,  but  may  occasionally  advance  to  the  cell-centre.  In  all  prob- 
ability the  Panethian  cells  are  elements  concerned  in  the  preparation  of  a 
particular  ingredient  of  the  intestinal  juice. 

Finally  we  have  to  mention  a  last  variety  of  cells,  found  in  the  glands  of 
Lieberkuehn,  narrow,  peglike  formations  (stz)^  which  are  found  in  the  base 
of  the  gland  as  well  as  higher  up.  These  cells,  always  staining  extremely 
dark,  are  probably  disintegrating  formations,  probably  partly  Panethian 
cells,  which  have  lost  their  secretion. 

Between  the  two  glands  we  see  the  reticular  propria;  as  was  the  case  in 
the  stomach,  it  contains  bundles  of  smooth  muscle  fibres,  blood-vessels,  eosino- 
philic leucocytes  (Ic)  and  also  a  mast-cell  {niz)y  which  latter  are  very  abun- 
dant in  the  propria  in  the  child.  Below,  the  mucous  membrane  is  bounded 
by  the  muscularis  mucosa?  (mmc). 


Fig.  127. — Small  Intestine  of  Dog,  Showing  Injected 

Blood- Vessels 

25.     'Yi.     Formalin.     Frozen  section. 

The  injection  of  intestinal  vessels  is  one  of  the  easiest  procedures  in  the 
technique  of  injection.  In  man  and  the  larger  animals  the  cannula  may  be 
directly  introduced  into  the  superior  mesenteric  artery  or  one  of  its  larger 
branches;  in  small  and  inedium-sizc^l  animals  the  aorta  should  })e  selected  at 
the  height  of  the  origin  of  the  renal  vessels,  a  ligature  being  placed  just  be- 
neath the  origin  of  the  cceliac  axis.  By  this  method  an  injection  of  the 
entire  small  intestine  is  obtained.  The  intestinal  mucous  membrane  must  ap- 
pear deep  red  after  the  injection,  the  progress  of  whicli  can  very  easily  be 
followed.  If  the  mass  should  be  too  warm,  the  muscles  of  the  villi  will  strongly 
contract,  resulting  in  a  plication  of  the  villi  and  consequent  disturbing 
tortuosity  of  the  vessels  of  the  villi.  After  the  mass  has  solidified,  the  gut  is 
cut  open,  spread  and  fixed  in  10%  formalin.  The  frozen  sections  either 
remain  unstained  or  are  weakly  stained  with  a  blue  protoplasmic  dye  (indig- 
carmtn)^  in  order  to  have  a  distinct  outline  of  the  villi  even  with  an  open 
diaphragm. 

Course  of  the  Blood- 
Vexseh  Within  the 
Intestinal  Wall 

Our  specimen  demonstrates  how  the  vessels,  coming  from  the  mesentery, 
pierce  the  muscular  layers  in  an  oblique  course,  giving  off  numerous  muscular 
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branchea,  which  surround  the  muscular  fibres  in  a  long,  drawn-out  reticulum, 
the  individual  branches  appearing  in  transverse  section  in  the  outer  longitu- 
dinal layer  (m^)  and  in  longitudinal  section  in  the  inner  circular  stratum 
(flti).  After  reaching  the  submucosa  (»mf),  the  arteries  form  a  wide- 
meshcd  plexus,  from  which  branches  ascend  to  the  propria,  where  they  in 
turn  form  a  second  plesus.  The  latter  supplies  capillary  nets  to  the  crypts 
of  Lieberkuehn  and  also  the  arteries  of  the  villi.  One  to  three  branches  enter 
each  villus,  forming  a  widc-meshed  capillary  reticulum,  the  distribution  of 
which  wc  remember  from  the  cross-section  of  a  villus.  The  capillaries  col- 
lect in  one  vein,  the  further  course  of  which  follows  the  arteries. 


Fig.  128. — Human  Liver 

85,     94.     Formalin.     Frown  section.     Crcsyl  violet. 

The  microtei;hnicaI  preparation  of  the  liver  does  not  present  any  partic- 
ular difficulties.     For  the  general  study  of  the  human  liver,  frozen  sections  of 
formalin  material,   stained  in  cresyl  violet   {p.  62),  will   furnish  very  useful 
pictures. 
LivnT-LohuUn. 

In  our  specimen  the  liver-cells  are  stained  blue,  the  nuclei  reddish- violet, 
the  connective  tissue  pink  and  the  blood  bright  yellow.  Four  liver-lobules 
(li-li)  can  be  distinctly  outlined  in  the  left  half  of  our  specimen,  while 
toward  the  right  we  are  unable  to  distinguish  .separate  lobules.  In  the  cen- 
tre of  each  lobule  we  find  a  lumen  partially  (i-c)  filled  with  blood  and  sur- 
rounded by  a  scanty  amount  of  connective  tissue,  the  central  Vein  (vc-^-vc^). 
From  this  lumen  the  parenchyma  of  the  lobule  radiate  in  form  of  cell-beams, 
which  are  connected  among  themselves  in  net  fashion.  Between  the  beams 
we  find  the  blood-capillaries,  filled  in  this  case  to  their  utmost  capacity. 

Near  the  periphery,  as  we  notice,  the  outline  of  the  lobules  is  extremely 
incomplete.  Only  now  and  then  we  find  between  the  lobules  larger  vessels,  sur- 
rounded by  a  considerable  amount  of  connective  tissue.  Our  specimen  .shows 
a  large,  empty  vessel  {vi),  a  branch  of  which  pierces  between  two  neighbor- 
ing lobules.  This  is  an  interlobutoT  Oeinp  viz.,  a  branch  of  the  portal  sys- 
tem for  the  following  reasons.  Close  to  the  vessel  a  small,  transversely  cut 
duct  is  seen,  which,  under  high  power,  proves  to  be  lined  with  cuboid  epi- 
thelium;  this  is  a  small  interlobular  bilC'tluct  (gg) '1  a  little  farther  to  the 
right  an  obliquely  cut  blood-vessel  appears,  having  a  distinct  muscular  wall 
( ij ) ,  a  branch  of  the  hepatic  artery.  The  branches  of  the  hepatic  vein 
always  take  an  isolated  course,  never  following  the  tracks  of  the  arteries  and 
bile-ducts,  therefore  it  is  evident  that  we  are  dealing  with  a  branch  of  the 
portal  vein. 


Our  specimen  illustrates  the  important   fact  that,  under  normal  condi- 
tions, the  interlobular  connective  tissue  of  the  human  liver  is  very  scanty^ 
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This  is  not  always  so  in  animals;  the  rabbit  shows  quite  a  good  deal  of  con- 
nective tissue,  and  in  the  pig  each  lobule  is  surrounded  by  a  complete  con- 
nective tissue  capsule.  It  is,  therefore,  recommended  to  supplement  this 
specimen  by  one  of  the  pig's  liver,  the  sections  being  prepared  with  the  same 
technique.  / 

Intralobular 
Connective  Tusue. 

Ordinary  staining  methods  do  not  show  any  collagenous  tissue  in  the 
liver-substance  aside  from  these  small  amounts  of  connective  tissue.  Grold 
and  silver  impregnation  will  demonstrate  other  elements,  namely,  a  system  of 
intralobular  fibres.  We  can  convince  ourselves  of  the  presence  of  these 
lattice  fibres  very  easily  by  treating  our  frozen  sections  with  Gram's  solu- 
tion-gold method  (p.  78).  We  will  find  within  each  lobule  a  latticework 
of  finer  or  coarser,  at  times  undulating  and  tortuous  fibres,  which  surround 
the  blood  capillaries  and  communicate  with  the  interlobular  tissue  as  well  as 
with  that  surrounding  the  central  veins.  Whether  or  not  these  are  genuine 
collagenous  fibres  has  not  been  definitely  ascertained. 
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Fig.  129.— Liver  of  the  Rabbit 

Fig.  130. — Liver  of  Rabbit  with  Injected  Blood*VeMeU  and 

Bile-DucU 


Fig.  129.-'LiTer  of  the  Rabbit 

550.      'J'li.      SiiWiiniilc'-iiri'tic  acid.      I''ro«>n    ncrtiiin.      liionili    solution. 

The  liver  of  the  rabbit  abgye  all  mammwls  U  best  (itti-d  to  di-nionstrntc  th^- 
finer  structure  of  livtr,  and  especially  the  relalion  lietwefti  the  bile  capil- 
laries Mnd  the  interlobular  bile-ducts.  Stnnll  pieces  ot'  the  organ  are  tnkfn 
frinii  the  freshly  killed  animal  and  fixed  for  four  to  five  hours  in  a  8.5%  solu- 
tion of  sublimate  which  has  been  acidified  with  \%  acetic  acid;  wash  in  run- 
ning water  ovtinight  and  transfir  to  H'/o  fonnaliii  for  twenty-four  liours. 
Very  thin  sections  should  be  made  on  the  freezing  microtome  and  stained  in 
Biotuii  Kolutinn  (p.  67). 

The  InU-rlobular  and 
Intralobular  Miary  Trartn. 

We  look  for  a  place  on  the  periphery  of  the  lobules  where  we  can  find 
bile-ducts  within  tin-  interlobular  tissue.  Our  specimen  shows  ik  larger  bili- 
duct  (.93;,);  *t'*^  lumen  is  lined  hy  cuboidal  epithelium,  the  cells  of  which 
show  on  their  surface  u  thin  cuticular  border  and  distinct  intercellular  ce- 
ment pegs.  Beneath  the  epithelium  we  come  to  the  mcmbrana  propria,  which 
i«  t-stcrnally  invested  by  cells;  then  we  come  to  Hit  interlobular  connective 
tissue.  Close  to  the  bile-duct  wc  find  again  an  obliquely  cut  interlobular  vein 
(ft),  and  finally  we  come  to  that  lobule,  on  the  periphery  of  which  we  notice 
four  very  minute  biliary  ducts.  Two  (ggi  and  gg,^)  of  these  arc  cut  trans- 
versely, showing  a  small  stelhite  lumen,  which  is  surrounded  by  low  cuboid 
cells.  Of  greater  interest  are  the  two  ducts,  appearing  in  oblique  section 
(gg^  and  gg,)-  In  both  we  can  distinctly  observe  how  the  bile-duet  lumen  is 
continuous  with  that  of  the  bile  capillaries,  the  place  of  the  small  epithelial 
cells  being  taken  by  the  much  larger  liver-cells. 

The  Gland  Slriiclure 
of  the   Liter. 

To  study  the  relation  of  the  liver-cells  to  the  biliary  capillaries,  we  select 
a  place  where  the  capillaries  are  cut  transversely.  Such  is  the  case  at  gc: 
here  we  find  that  the  lumen  is  bounded  by  two  cells.  Two  prismatic  cells  are 
approximated  by  two  surfaces  in  such  a  manner  that  a  small  canul  is  left  be- 
tween. In  this  respect  the  liver  makes  an  exception  to  all  other  glands  dis- 
cussed so  far.  While  we  always  found  the  lumen  of  the  secreting  end-piece 
boundc-d  by  at  least  three  to  four  cells,  we  find  here  that  two  cells  constitute 
the  rule.  Our  picture  also  illustrates  the  fact  that  the  bile  capillaries  and 
blood  capillaries  never  pursue  a  common  course,  but  are  always  separated  by 
the  substance  of  the  livcr-ccUs. 

Another  characteristic  peculiar  to  the  liver,  in  contradistinction  to  other 
glands,  is  found  in  the  fact  that  a  liver-cell  does  not  only  participate  in  the 
formation  of  one  bile  capillary,  but  helps  to  form  several.     For  instance,  a 
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cell,  rectangular  in  section,  may  show  a  biliary  capillary  on  each  side,  while 
each  corner  is  occupied  by  a  blood  capillary.  Those  are  places  where  one 
cellular  beam  is  in  connection  with  four  others.  This  connection  is  discon- 
tinued after  a  distance  and  others  are  taken  up,  so  that  a  network  of  beams 
is  formed,  which  in  turn  contains  a  network  of  bile  capillaries.  The  liver 
thus  is  a  tubular  gland,  the  tubules  of  which  branch  and  form  a  reticulum. 
At  the  periphery  of  the  lobule  we  find,  due  to  the  junction  of  several  neigh- 
boring biliary  capillaries,  numerous  small  bile-ducts,  which  again  are  joined 
in  net- fashion.  From  the  network  of  smaller  ducts,  which  surround  each 
lobule,  arise  the  larger. 

The  liver-cells,  composing  the  cellular  beams,  are  of  prismatic  form,  if 
we  combine  all  the  diflFerent  sectional  views  which  our  specimen  offers ;  in 
mammals  they  very  often  contain  two  nuclei,  which  came  to  existence  by  indi- 
rect nuclear  division,  since  mitotic  changes  are  of  very  frequent  occurrence  in 
the  liver,  especially  that  of  the  rabbit.  In  many  cases  the  two  nuclei  are  dif- 
ferently affected  by  our  staining  solution,  one  staining  dark  blue  and  the  other 
very  light.  Close  observation  shows  that  in  the  former  the  chromatin  has 
clumped  together  in  thick  lumps ;  we  are  tempted  to  consider  such  nuclei  as 
disintegrating.  The  nucleus  of  the  liver-cell  probably  plays  an  important 
part  in  the  glandular  activity  and  thereby  is  used  up. 

iStructure  of  the 
Liver-Cell. 

The  body  of  the  liver-cell,  especially  from  animals  which  were  killed  dur- 
ing active  digestion,  shows  a  very  distinct  protoplasmic  network,  such  as  we 
observed  in  the  amphibia  (p.  II,  4  ff.).  During  the  state  of  starving,  the  mesh- 
work  is  less  distinct.  In  both  cases  we  find  glycogen  within  the  meshes,  in 
the  first  instance  in  the  form  of  coarse  lumps,  in  the  second  as  fine  granules. 
In  our  specimen  the  cells  contain  abundant  masses  of  bright  red  glycogen 
granules.  Another  constant  constituent  of  the  liver-cell  is  faty  which  of 
course  is  not  shown  in  our  specimen,  but  which  can  easily  be  demonstrated  by 
placing  a  section  in  50%  alcohol  for  a  few  minutes  and  staining  it  in  an  alco- 
holic solution  of  Sudan  (p.  66). 

The  ectoplasm  of  the  liver-cell  during  starvation  is  very  thin ;  after  abun- 
dant feeding  it  becomes  stronger  with  the  increasing  glycogen  contents;  at 
those  places  where  the  liver-cell  bounds  the  lumen  of  the  bile  capillary,  it  is 
always  well  developed,  so  well,  indeed,  that  we  may  speak  of  a  wall  of  the 
biliary  capillary.  It  is  probable  that  the  constant  action  of  the  bile  has 
thickened  the  liver-cell  ectoplasm  in  such  places  in  a  similar  manner,  in  which 
the  free  surface  of  the  epithelial  cells  of  the  bile-ducts  appears  lined  with  a 
cuticle. 


130.— Liver  of  Rabbit  with  Injected  Blood- Vessels  and 

Bile-DucU 

35.     •'^i.     Formalin.     Frozen  section. 

Since  the  manner  of  blood-supply  of  the  liver  diflFers  from  that  of  other 
glands,  it  will  be  of  advantage  to  have  a  closer  view  of  the  same.     For  this 
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purpose  we  will  precede  an  injection  nf  tin-  blood-vetisels  by  one  of  the  biliary 
ducts.  The  technique  of  injecting  the  biliary  passages  is  quite  a  difficult  tank. 
It  becomes  proportionately  harder  as  the  bile  of  the  animal  becomes  more 
concentrated  and  as  the  intcnal  between  death  and  injection  is  prolonged. 
Wc  select  a  herbivoroux  animal,  rhe  bile  of  which  is  much  thinner  than  that  of 
the  earnivoruux,  pi-cfcrably  a  very  large  rabbit.  The  animal  in  killed  by  stab- 
bing through  the  neck.  After  opening  the  alxlominal  cavity,  we  search  for 
tJie  stoniach.  If  the  pylorup,  !«  pulled  toward  the  left  side  of  the  animal  and 
we  follow  along  the  dundeniim,  wc  soon  notice,  about  a  finger's  breadth  below 
the  pyinnis,  a  light  yellow  duct,  coming  from  the  liver,  which  resists  traction 
of  the  hand,  the  diictuM  ciioledoehus.  Lymph  and  blood  vessels  share  its 
course.  With  an  artery-hook  a  double  thread  is  placed  around  the  duct. 
One-huJf  of  the  thread  serves  as  il  retractor,  the  other  for  the  tying  in  of  the 
cannula.  The  head  of  the  latter  Khould  Iw  quite  pointi-d  and  not  more  than 
2  mm  in  tliickrres*,  Tlic  duet  is  now  incised,  the  empty  canmihi  introduced 
and  tied  in.  The  introduction  of  the  cannula,  espi'cially  in  a  small  animal, 
proves  quite  difficult,  Guiding  points  should  be.  that  the  duct  is  well  in- 
cised and  that  the  cannnhi  is  not  tied  in,  until  it  is  filled  with  bile,  the  latter 
advancing  distinctly  in  the  cannula.  By  gentle  maMsage  from  without  much 
bile  can  be  delivered.  The  cannula,  free  from  air,  is  now  connected  by  a  rub- 
ber tube  to  u  funnel,  containing  the  filtered  solution  of  Berlin  blue  (p.  74), 
the  pinchcuek  in  npenwi,  and  the  injection  begins  with  as  little  pressure  as 
poHAiblc,  A  syringe  may  be  used,  but  requires  the  greatest  care,  sinca 
extrttvasntiuns  arc  very  apt  to  occur.  The  injection  is  discontinued  when  the 
niHKH  appeam  at  the  surface  of  the  liver. 

The  »ubwqu«nt  injection  of  blood-vcsacls  it  conducted  through  the  hepatic 
vi-ins.  The  superior  vena  cava  is  reeogni/ed  closely  above  the  diiiphnigni,  a 
ligature  is  placed  and  the  vessel  cut  above  the  ligature;  after  allowing  the 
blood  to  flow  out,  we  tie  the  vessel.  The  portal  vein  is  also  ligated  just  be- 
fore its  entrance  into  the  liver.  A  cannula  is  now  tied  in  the  inferior  vena 
cava,  below  the  liver,  where  it  is  not  as  yet  surrounded  by  liver  substance. 
The  cannula  should  be  filled  with  salt  solution  at  40—50°,  and  the  diluted  red 
uiaHH  (p.  7i)  ciuickly  injected.  The  injection  is  incomplete,  being  discon- 
tinued as  soon  as  wc  notice  larger  nrcw  of  the  surface,  where  the  central  por- 
tion of  the  lobules  appears  injected.  The  mass  must  not  penetrate  to  the 
interlobular  vesHcls.  After  the  injection  the  entire  animal  is  placed  on  ice, 
the  intestines  are  pushed  aside  and  the  abdominal  cavity  is  filled  with  ice.  It 
is  la'st  to  leave  the  animal  there  overnight;  the  following  morning  the  entire 
iirgaii  Ih  iiiI  iiil'i  moderately  si/.i-d  pieces  and  fixed  for  three  days  in  the  mi.\- 
lure  of  Miuiti-r'-  Ihiid  and  formalin  (p.  3+}.  which  must  be  ehangi-d  daily. 
Wr  now  wash  In  ruiuiiug  water  for  twenty-four  hours,  transfer  to  5%  forma- 
lin, and  make  lliiek  frozen  sections.  The  best  pieces  must  be  selected,  as  the 
injectiiui  ii>  nol   hy  any  means  <.-4(ually  good  in  all  parts  of  the  organ. 

Our  specimen   shows  six   liver-lobules   ((,-'„)    in   full  section,  others  being 

only   partially   seclioned.      In   the  centre  of  each  we  find   the  central  Vein 

(ri',    r.„).    partly    .'iit    transversely    (ir„    vc^,    ic„    vc^),    partly    in    oblique 

tccliiiM  (ri„  and  Tt  „  |.      From  the  central  vein  the  red  injection  has  travelled 

I  ti>  till'  peripliery  of  the  lobule,  without  transgressing  the  latter. 
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The  Interlobular  veirs  (vi)  are  not  injected,  but  appear  very  distinct ,  being 
distended  with  blood.  We  thus  have  a  natural  Injection  of  the  afferent  and 
an  artificial  injection  of  the  efferent  vessels. 

In  company  of  the  interlobular  veins  we  find  the  interlobuUuT  bile" 
dnctM  (99)9  filled  with  blue  mass.  There,  too,  the  Injection  is  incomplete. 
Wc  notice  the  branches  piercing  between  the  different  lobules,  whence  they 
give  rise  to  a  delicate  blue  network  of  bile  capillaries,  which  advances  into 
the  lobules  for  a  distance. 


The  human  pancreas  is  Hxed  in  a  2.5%  solution  of  suhlimnU'  for  four  to 
five  hours,  washed  in  running  water  overnight,  transferred  to  5%  fiiruialin 
for  twonty-four  hours,  and  cut  on  the  freezing  microtome.  In  staining  the 
sections  a  principal  aim  is  to  differentiate  the  so-called  islands  of  Lan- 
gerhans  from  the  remaining  parenchyma;  this  is  best  accomplished  by 
staining  in  crcsyl  violet  (p.  62). 


Dif 


sion    of   the   Parenfhj/ma 
Lohulea. 


Low-  power  will  show  that  the  parenchyma  of  the  gland  is  arranged  in 
small  lobules,  which  arc  separated  by  more  or  less  connective  tissue.  In  the 
interlobular  connective  tissue  we  find  numerous  blood-vcBsels  ((»(;).  and 
furthermore  the  interlobular  ductt  (ag).  They  arc  built  similarly  to  the 
ducts  of  the  salivary  glands,  but  never  show  the  rod-structure  of  the  latter. 
After  entering  the  lobules  they  form  long  interni.diate  pieces  and  finally 
vesicular  end-pieces,  the  alveoli. 

Islands  of  JLangerharts.  The  epithelial  cells  lining  the  latter  are  deep 
blue  in  our  spi-einien.  From  these  blue  parenchyma  of  the  lobules  we  can  dis- 
tinctly differentiate  musses  of  cells  by  their  light  yellow  color;  these  are  the 
islands  of  Langerkans  ('>)-  I«  ^l><^  '^^^^  ^^'^y  <^''<^  ^'cry  well  developed,  as 
many  as  four  to  five  islands  appearing  in  one  lobule  at  times.  They  are  mostly 
round,  but  may  be  irregular.  On  close  inspection  we  find  the  yellow  color  to 
be  due  to  the  presence  of  blood.  They  are  crossed  by  a  large  amount  of  rela- 
tively wide  blood  capillaries,  the  contents  of  which,  viz.,  the  red  blood  cor- 
puscles, have  taken  a  yellow  stain.  The  cells  proper  of  the  islands  are  stained 
pale  bluish- violet. 

Fig.  132. — Human  Pancreas 

550.     %.     Sublimate.     Frozen  section.     Biondi  solution. 


For  the  study  of  the  structural  details  we  prefer  staining  a   frozen  i 
tion  in  Biondi  solution  (p.  67). 

Struchire  of  the  fierrelina 
Atreoli  and   Their   Communication 
with    the   Interlobular   Ducts. 


Fig.  132  presents  a  part 
lar  parenchyma  ( right)  and 
half,  aside   from  several   tran 


if  such  a  section 

the    island   of  1 

iverse  and  obliqi 
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at  the  junction  of  the  glandu- 
.angerhans  (kft).  The  right 
c  sections  of  alveoli    (a),  also 
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contains  two  sections  of  intermediate  or  inserted  pieces  {s^  and  82) •  One  of 
these  (s.^)  shows  the  transition  into  the  alveolus.  The  intermediate  pieces 
are  narrow  canals,  lined  with  low  cuboidal  cells.  The  alveoli  likewise  have 
a  narrow  lumen.  Their  shape,  as  we  may  compute  from  the  various  sec- 
tions, is  ovoid  or  pyriform;  their  external  measurements  exceed  by  far  those 
of  the  intermediate  pieces,  the  alveolus  on  its  intermediate  piece  appearing 
like  a  grape  on  its  stem.  Where  the  intermediate  piece  enters  the  alveolus, 
the  low  epithelia  change  to  the  secreting  cells  of  the  alveolus.  They  have  in 
general  a  cuboid  or  conical  form,  showing  two  distinct  zones  within  their 
cell-body.  The  periphery  of  the  cell-body  is  filled  by  extraordinarily  dense 
protoplasm,  while  the  central  portion  shows  a  distinct  light  network  of  pro- 
toplasm. The  proportionate  size  of  these  two  zones  varies  in  different  alveoli. 
Sometimes  the  outer  zone  is  very  broad,  then  again  it  will  be  a  mere  band. 

The  Living  Pancreas  Cell. 

While  in  the  fixed  and  stained  pancreas  cell  we  find  a  dark  outer  and  a 
light  inner  zone,  the  reverse  is  true  of  the  fresh  cell.  Such  a  specimen  may 
very  easily  be  obtained  from  a  rabbit.  There  the  pancreas  is  found  as  a 
thin,  transparent  flat  organ  between  the  two  folds  of  mesentery,  which  con- 
nect the  two  limbs  of  the  horseshoe-shaped  duodenal  loop.  If  such  a  pan- 
creatic lobule,  taken  from  the  freshly  killed  animal,  is  examined  under  high 
power  with  u  drop  of  Kingcr^s  solution,  we  find  that  the  dark  hue  of  the 
inner  zone  is  due  to  the  presence  of  masses  of  granules,  the  zymogen  gran* 
a/es.  During  secretion  they  are  expelled  from  the  cells  and  form  an  im- 
portant constituent  of  the  secretion.  During  the  ensuing  period  of  rest 
new  granules  are  formed. 

Our  specimen  will  now  and  then  show  some  granules  at  the  periphery 
of  the  section.     Most  of  them,  however,  have  been  destroyed  by  the  fixation. 

In  a  similar  manner,  as  noticed  on  the  albumin  cells  of  the  salivary  glands, 
we  find  secretory  capUUaries  piercing  between  the  secreting  cells. 

Furthermore,  we  find  cellular  nuclei  within  the  lumen  of  the  alveoli,  they 
belong  to  the  centro<icin€tTy  cells  {cz)^  constituting  a  characteristic  pecu- 
liarity of  the  pancreas,  since  they  are  not  found  in  any  other  ^and  of  the 
human  hody.  They  are  flat  cells,  lining  the  alveolar  lumen  in  a  very  incom- 
plete manner^ 

Structure  of  the 
Islands  of  Langerhans. 

The  island  of  Langerhans^  occupying  the  left  portion  of  our  specimen, 
again  shows  a  wealth  of  blood  capillaries.  Its  parenchyma  consists  of  polygo- 
nal, relatively  small  cells,  which  have  a  central  nucleus  and  a  light,  indis- 
tinctly net-form  cell-body.  Among  the  light  cells  we  find  some  darker  cells, 
having  smaller  nuclei.  Perhaps  these  interesting  formations  have  a  secretory 
nature,  the  secretion  playing  in  all  probability  an  important  rdle  in  the 
human  economy. 


PLATE  56 

Fig.  133. — Upper  Turbinal  of  the  Guinea-Pig 
Fig.  134. — Frontal  Section  through  the  Human  Larynx 


4.  THE   ORGANS   OF   RESPIRATION 
Fig.  133. — Upper  Turbinal  of  the  Guinea-Pig 

^.     Sublimute.     Trichlomcetic  acid.     Parafiin  embedding.     BioiuH 
solutioD. 


In  order  to  gain  a  general  view  of  the  structure  of  the  nasal  puissages,  we 
select  a  «niall  mnmnial,  e.g.,  the  guinea-pig.  After  killing  the  animal  we  dis- 
articulate the  lower  jaw,  and,  after  cutting  through  the  skin,  we  saw  off  the 
entire  anterior  portion  of  the  head,  starting  close  to  the  eyes  in  the  frontal 
plane.  The  specimen  thus  obtained  is  again  divided  into  an  anterior  and  pos- 
terior half,  by  rawing  parallel  to  the  first  line  of  section.  The  posterior  half 
is  fined  in  8%  sublimate  solution  for  five  to  six  hours.  Wc  recommend  the 
use  of  the  air-pump,  while  the  specimen  is  yet  in  the  fixing  solution,  since  air- 
bubbles  retained  in  any  turbinal  meatu.s  will  seriously  interfere  with  fixa- 
tion. After  washing  the  specimen  in  running  water  overnight,  we  suspend  it 
in  a  largt?r  amount  (200-300  cm^)  of  S'/t  trichloracetic  acid  for  the  purpose 
of  decalcification.  The  liquid  being  renewed  once,  the  process  will  be  com- 
pleted in  two  to  three  days.  From  the  acid  the  specimen  is  transferred  to  a 
57f  solution  of  Glauber  salt,  whore  it  remains  for  twenty-four  hours,  and  is 
then  washed  for  twontv-four  hours  in  running  wafer.  Dehydration  by  the 
different  grades  of  alcohol  is  followed  by  chloroform,  and  the  specimen  is 
finally  embedded  in  paraffin.  The  sections  are  made  parallel  to  the  original 
line  of  section,  and  after  being  placed  arc  stained  in  Biondi  solution  (p.  67). 

In  the  centre  of  the  nasal  passage,  roofed  by  the  nasal  bone  and  the 
maxilla,  we  find  the  septum  nasi;  extending  from  the  lateral  walls,  almost 
touching  the  septum,  we  see  the  prominence  of  the  turbinals,  at  least  of  the 
upper  and  middle  turbinals. 

SirurUre    of 
the  Turbinal. 

Making  a  close  inspection  of  one  of  these  swellings,  we  find  that  its  foun- 
dation is  formed  by  a  thin  plate  of  bone  (A"n),  which  is  continuous  with  the 
bony  lateral  wall.  Externally  we  notice  an  epithelial  coat,  which  differs  ma- 
terially on  the  upper  and  lower  surface  respectively.  Above  wo  have  a  very 
high  epithelium  {rep),  comprising  a  superficial  non-nucleated  and  a  deep  nu- 
cleated zone.  In  the  latter  several  strata  of  nuclei  are  seen.  Toward  the  free 
edge  of  the  prominence,  viz.,  toward  the  septum,  the  epithelium  becomes  lower 
and  finally'  (X)  merges  into  a  double  row  of  ciliated  epithelia  {renpep), 
which  invests  the  entire  lower  surface  of  the  protuberance. 
9^8 
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Olfactory  and  Respiratory 
Mucous  Membrane. 

The  high  epithelium  of  the  upper  surface  is  the  olfactory  epithelium. 
With  its  structure  we  will  familiarize  ourselves,  when  discussing  the  organs 
of  special  sense  (p.  II,  874).  The  double  ciliated  epithelium,  which  we  have  met 
before,  is  found  in  the  greater  part  of  the  respiratory  tract,  and  hence  has 

been  named  reMpitatory  epithelium. 

The  respiratory  epithelium  is  mounted  on  a  distinct  basal  membrane.  The 
latter  becomes  indistinct,  where  the  olfactory  epithelium  sets  in,  and  finally 
disappears  entirely.  Between  the  bone  and  the  olfactory  epithelium  we  see 
the  submucosa,  containing  a  mighty  glandular  stratum  (dr).  They  are  the 
olfactory  or  Bowman^t  glandu,  branching  tubular  glands,  which  open 
into  a  small  sinus,  situated  beneath  the  olfactory  epithelium,  which  opens  be- 
tween the  olfactory  cells  {drg).  They  are  purely  serous  glands,  furnishing 
moisture  to  the  nasal  mucous  membrane. 

The  respiratory  mucous  membrane  also  contains  glands,  but  of  a  differ- 
ent form  and  smaller  calibre.  They  arc  less  numerous  in  the  guinea-pig  than 
in  man.  Our  picture  does  not  show  them.  They  are  similar  to  the  glands 
which  we  will  meet  in  the  deeper  parts  of  the  respiratory  apparatus. 

There  is  an  abundant  supply  of  blood-vessels  in  the  submucosa  of  the 
nasal  mucous  membrane.  In  the  regio  olfactoria  we  find  between  the  glands 
numerous  longitudinal  and  transverse  sections  of  non-medullated  nerve-fibres; 
they  are  branches  of  the  olfactory  nerve. 


Fig.  134. — Frontal  Section  through  the  Human  Larynx 

16.     %.     Sublimate.     Nitric  acid.     Frozen  section.     Paracarmin.     Resorcin 

fuchsin,  picrofuchsin. 

Frontal  sections  furnish  the  best  demonstration  of  the  microscopical 
structure  of  the  most  important  parts  of  the  human  larynx.  The  larynx  is 
split  into  a  right  and  left  half  by  a  median  incision,  fixed  in  a  8%  sublimate 
solution  for  five  to  six  hours,  and  washed  until  the  following  day.  Since  the 
laryngeal  cartilages  calcify  at  the  age  of  twenty  (a  little  earlier  in  the  male 
than  in  the  female),  such  specimens  must  be  decalcified.  This  end  can  be 
achieved  by  suspending  them  for  twenty-four  hours  in  a  6%  solution  of  nitric 
acid.  To  remove  the  acid,  we  place  the  specimen  in  a  5%  solution  of  Glauber 
salt  for  twenty- four  hours.  After  washing  in  running  water  for  twenty- four 
hours  we  can  transfer  to  6%  formalin  for  a  few  days.  Frozen  sections  are 
made  of  a  piece,  8-5  mm  in  width,  its  two  longitudinal  surfaces  corresponding 
to  two  cuts,  made  at  right  angles  to  the  vocal  band.  The  sections,  which 
should  not  be  too  thin,  arc  placed  in  70%  alcohol,  stained  in  paracarmin 
(p.  55)  for  fifteen  minutes,  and  washed  well  in  70%  alcohol.  We  counter- 
stain  first  with  resorcin  fuchsin  (p.  68)  for  fifteen  minutes.  After  extract- 
ing the  excess  dye  by  95%  alcohol,  changed  repeatedly,  we  transfer  the  sec- 


tloiiB  to  picrofuchsin  (p.  67)  for  five  minutes.     After  rinsing  in  70'/'    "loohol 
and  dctiydriit ing  wi'  mount  in  Canada  balsam. 

Fig.  184  shows  w  section  preparwJ  in  this  way.  At  the  right  wo  recog- 
nize the  cross- sect  ions  of  the  two  largest  laryngeal  cartilages,  the  thyroid 
cartilage  above  (schkn)  iind  the  cricoid  below  (rfrn).  Their  basic  sub- 
stance has  been  colored  grayish- violet  by  the*  resorein  ftichsin,  Onsification 
has  ulrcfidy  ttiken  place  in  the  ciirtihiges.  In  the  lower  edge  of  the  thyroid 
AH  well  us  in  the  upper  border  of  the  cricoid  cartilage  we  can  see  a  small  nsr- 
row  cnniil,  filled  with  bone  marrow,  small  lamella-  of  bone  projecting  into  the 
canal. 

fllruelure  of  Ihe 
Voeal  Band. 

Extending  from  below,  between  the  ends  of  the  two  cartilages,  we  sec  a 
large  mass  of  transversely  cut  striated  muscle,  which  protrudes  inward  and 
Upward  in  a  bulky  swelling.  This  mass  of  niUNcle  comprises  the  crico* 
arytitnoideus  lateralis  muBcle  {mcrar)  below  and  the  thyreo-aryttenoideus 
{mthar)  above,  which  at  this  place  cannot  even  be  differentiated  by  the 
microscope.  The  latter  has  again  been  subdivided  into  an  inner  portion,  the 
vocal  muscle,  and  an  outer  portion,  the  thyrco-ttrytirnoideus  csternus.  The 
protuberance,  formed  in  the  larynx  by  the  vocal  muscle.  Is  completed  by  the 
vocal  band  {*(fc),  mounted  thereon  in  a  median  position.  It  is  composed, 
lis  we  can  readily  sec  in  our  specimen,  of  transversely  cut,  quite  thick  elastic 
fibres,  thus  forming  an  elastic  cord. 

Above  the  thy reo-ary twnoideus  externus  we  find  between  thyroid  cartilage 
and  laryngeal  lumen  not  only  large  blood-vessels  (bg)  and  scanty  ascending 
muscular  bundles  ( thyreo-arytienoideus  superior),  but  also  loose  connective 
tissue,  containing  numerous  masses  of  gjunds.  These  cause  the  liirvngeal  mu- 
cous membrane  to  project  a  fold  into  the  lumen  of  the  larynx,  known  as  the 
pocketfold  or  the  false  vocal  bands  ('/)■  The  latter  does  not  extend 
as  far  into  the  lumen  as  the  true  vocal  bands.  In  more  anterior  sections  we 
can  see  the  appendix  emanating  from  the  laryngL'ftl  ventricle  (vl),  projecting 
far  upward. 

Mucous  Membrane. 

Examining  the  mucous  membrane  of  the  larynx  we  find  it  to  be  composed 
of  double  ciliated  epithelium,  such  as  we  have  met  in  the  respiratory 
part  of  the  nasal  passages.  One  place,  however,  always  makes  an  exception, 
and  that  is  the  free  portion  of  the  vocal  band  projecting  into  the  himon  of 
the  larynx.  Here  (X —  X)  the  ciliated  epithelium  is  replaced  by  strati- 
fied Rat  epithelium.  The  latter  form  may  also  be  seen  in  other  places, 
e.g.,  on  tJie  surface  opposite  the  false  cords;  likewise  we  find  the  entire 
laryngeal  surface  of  the  epiglottis  coated  with  a  more  or  less  broad  border 
of  stratified  Hat  epithelium. 

The  epithelium  is  mounted  on  a  basal  membrane,  which  under  high 
power  presents  a  bright,  yellowish  red  color.  Below  it  is  the  proprin.  which 
contains  numerous  elastic  fibres,  the  latter  becoming  denser  farther  inward, 
so  that,  e.g.,  in  the  false  vocal   bands,  we  may  speak  of  a  separate  clastic 
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band)  the  ventricular  ligament.  In  the  region  of  the  labium  vocale  the  epi- 
thelium lies  directly  upon  the  vocal  ligament,  and  here  we  find  rugas  in  the 
propria,  not  very  distinctly  shown  in  our  picture,  which  run  longitudinally 
in  the  labium  vocale,  the  cross-section  showing  them  as  papillae,  projecting 
into  the  epithelium. 

Glands  are  abundant  in  the  laryngeal  mucous  membrane,  most  numerous 
in  the  pocket  fold  or  false  bands.  The  region  of  the  true  vocal  bands  is  abso- 
lutely free  from  them. 


of 

p. 


.k 


PLATE  57 

Fig.  135. — ^Traiuverse  Section  through  the  Trachea  of  a  Child 

Fig.  136.— Lung  of  Calf 
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Fig.  135. — ^Traiuverse  Section  through  the  Trachea  of  a  Child 

Fig.  136.— Lung  of  Calf 


Fly.  135.— TrMUverte  SecHon  through  the  TraiJiea  of  a  Chilcl 
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Foinmliri.     FroKcii  section.     Hiomli  soiutio 


Small  circular  piece*  of  the  trftchea  of  a  child  itre  fixed  for  twenty-four 
hours  in  10%  formalin,  followed  by  6%  formalin  for  an  L-qual  length  of  time. 
The  frozen  sections  are  Htatned  in  Bionili  aolutiun  (p.  67).  The  staining 
method  employed  in  the  previous  specimen  also  furnishes  very  good  results, 
especially   for  the  demonstration  of  the  great  devflopment  of  elastic  tissue. 

filn>rl;rr  of  tbr 
r>xtiliral   Wall. 

In  general  the  tracheal  wall  presents  similar  conditions  us  seen  in  the 
laryngeiit  wall.  Low  power  shows  especially  the  deep  blue  tracheal  carti- 
lage (^n)i  which,  as  we  know,  has  the  shape  of  a  ring,  open  at  the  posterior 
aspect.  The  ring  in  eonipleted  by  strong  bundles  of  smooth  muscle,  run- 
ning from  one  end  of  the  cartilage  to  the  other,  thus  forming  the  main  con- 
stituent of  this  membranous  part  (pars  membranacea)  of  the  trachea.  The 
cartilaginous  crescents  consist  of  hyaline  cartilage,  which  is  surrounded  by  a 
coarse  periehondriuiti. 

Inspecting  the  tracheal  mucouit  membrane  with  higher  power,  we  recog- 
n\f.ii  at  once  the  double  layer  of  ciliated  epithelium  (ep)  forming  the  sur- 
face. It  contains  numerous  goblet  cells,  which  are  easily  recognized  in  our 
-peciriien  by  their  blue  colnr.  The  rpitheliuTii  rests  un  u  quite  dif^tlnet  basal 
membrane.  Below  the  latter  we  find  a  narrow  stratum  of  longitudinal  con- 
nective tissue  fibres,  containing  leucocytes,  which  does  not  appear  in  our  pic- 
ture, followed  by  a  layer  of  longitudinal  elastic  fibres  (ef)  of  considerable 
size.  In  the  pars  cartilaginea  it  is  generally  well  defined  from  the 
ing  propria,  while  in  the  pars  membranacea  the  propriii  is  evenly 
with  elastic  fibres.  A  tangential  section  shows  that  the  fibres  forn 
row -mesh  I'd  network. 

That  portion  of  the  propria  (pr)  situated  betw 
elastic  stratum  and  the  perichondrium  contains,  aside  fi 
tissue  basic  substance,  elastic  fibres,  blood-vessels  and  ner 
glands  (dr).  They  are  found  principally  in  the  middle 
the  propria,  but  may  be  seen  higher,  beneath  the  epitheliui 
numerous  in  the  pars  membranacea,  occurring  as  far  outw 
muscle  fibres.  They  are  typical  mucous  glands,  tli 
blue  secretory  granules.      The  duct    (ilrng)    general 
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Fig.  136 —Lung  of  Calf 

20.     %.    Formalin.     Frozen  section.     Paracarmin.    Resorcin  fuchsin. 

It  is  quite  difficult  to  present  to  the  beginner  a  specimen  showing  the  gen- 
eral gross-structure  of  the  lung.  It  necessitates  thick  sections,  25-60  1^,  which, 
of  course,  must  be  stained  correspondingly.  It  is  quite  impossible  for  the  be- 
ginner to  become  acquainted  with  the  structure  in  a  thin  specimen.  The 
lung  of  a  groim  person  is  ill-suited  for  the  purpose,  since  the  large  size  of  the 
lobules  interfere  with  a  general  view.  Much  smaller  and  hence  better  for 
demonstration  are  the  lobules  of  the  infantile  lung;  however,  we  prefer  to 
use  the  lung  of  the  calf,  which  presents  the  lung  structure  in  almost  dia- 
grammatic form,  without  differing  in  any  of  its  essentials  from  the  human 

It  is  absolutely  necessary  to  inject  the  fresh  lung  with  the  fixing  solu- 
tion through  the  trachea.  A  suitable  lobe  is  selected,  separated  from  the  rest 
of  the  organ,  and  a  glass  cannula,  provided  with  tube  and  funnel,  is  tied 
into  the  respective  bronchus.  Five  per  cent,  formalin  is  allowed  to  run  slowly 
into  the  lobe,  until  the  latter  has  expanded  to  its  maximum  capacity,  when  the 
pinchcock  is  closed  and  the  entire  lobe  placed  in  the  same  solution.  After  twa 
days  the  specimen  will  be  hard  enough  to  allow  suitable  pieces  iK'ing  cut  out, 
of  which  sections  are  made  on  the  freezing  microtome.  The  thickness  should 
be  25-50  ix  or  more.  The  sections  are  transferred  to  70%  alcohol,  stained  in 
paracarmin  (p.  55),  and  counterstained  in  resorcin  fuchsin  (p.  63). 

The  Inlerlohiilar  Branches 
of  the  Bronchi. 

First  we  inspect  the  large  bronchial  branches  with  their  accompanying 
branches  of  the  pulmonary  artery ;  here  we  find  that  the  cartilage  decreases  in 
amount  with  the  decrease  in  calibre  of  the  bronchus,  the  cartilaginous  plates 
becoming  smaller  and  smaller  and  finally  disappearing;  this  change  is  accom- 
panied l)y  a  reduction  in  glands. 

The  Pulmonanj   Lohules  and 
the   Infralohular   Branch inf; 
of  the  Bronchioles. 

Following  the  course  of  a  bronchus,  we  finally  come  to  places  such  as 
depicted  in  Fig.  136.  Here  we  see  four  different  lobules  (/1-/4)  in  section. 
They  are  separated  by  fairly  strong  connective  tissue  septa,  and  between 
theiu  we  find,  in  oblique  section,  a  htonchiolus  (/>r),  the  wall  of  which  is 
c()nij)oscd  of  a  layer  of  longitudinal  elastic  fibres,  lined  by  a  low,  ciliated, 
cylindrical  epithelium.  To  the  left  of  the  bronchiolus  we  find  the  tortuous, 
Hcconij)anying  artery  (^/),  cut  at  several  places.  The  bronchiolus  divides  into 
branches,  one  of  them  being  shown  here  in  its  entire  length,  which  enter  the 
neighlmring  lobules.  I'his  intralobular  portion  of  the  bronchiole  is  termed 
the  end  bronchiolus  (<'^>r).  'I'he  latter  gives  off  several  side  branches 
(two  appear  in  our  picture,  cut  off),  and  then  breaks  up  into  a  number  of 
alveolar  ducts  (ahy).     These  \m\v  a  more  or  less  larger  calibre  than  the 
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end  tironcliiotus,  and  nre  ntuddcd  with  numerous  air-vesicles,  the  alveoli 
(oiv),  which  open  into  their  lutncii.  The  alveolar  duct  agiiin  divides  into  sev- 
eral blind  infundibula  (>/)>  which  are  also  studded  with  alveoli. 

The  artery  (a)  enters  the  lobule  with  the  bronehiolus  and  then  divides 
into  numerous  branches,  which  fonn  a  capillary  basket  around  the  alveoli. 
These  baskets  can  only  be  recognized  in  specimens  wiiieh  have  been  injected 
with  glue-mass. 


PLATE  58 


Fig.  137 —Lung  of  Calf 
Fig.  138. — Human  Kidney 


Fig.  137.— Lung  of  Calf 

80.    ■^.    Fomaalin.     Frozen  section.     Paracarmin.     Ilcsorcin  fuchsin. 

Structure  of  the  End 
Bronehiolua,  the  Alveolar 
Dutl  and  th«  Alveoli. 

To  muke  further  studies  of  our  specimen  wc  will  use  a  higher  power.  Wc 
arc  especially  interested  in  the  junction  of  the  end  hronchiolus  rtnd  the 
niveoiar  duct.  Fig.  137  illustrates  this  point.  The  wall  of  the  end  bron- 
chiolut  {ebr)  consists  of  a  tapering  layer  of  elastic  fibrils,  lined  on  the  inside 
by  H  simple,  low,  cuboid  epithelium.  TIil-  wall  of  this  end  bronchiole  is 
already  studded  with  alveoli  (ih'i)  to  some  extent.  In  the  beginning  they 
are  few  in  number,  but  become  more  numerous;  the  end  bronchiole  merger 
into  the  wide  alveolar  duct  i"1vg),  into  which  the  alveoli  (ah:,)  open 
everywhere.  We  notice  liow  the  elastic  tissue  of  the  end  bronchiolus  extends 
into  the  alveolar  wall,  weaving  a  net  of  fine  elastic  fibres  around  the  alvei 
thus  forming  the  main  constituent  of  the  alveolar  wall. 

If  we  desire  to  make  a  more  dettiiled  study  of  the  latter,  we  must  stain 
Bome  sections  in  Biondi  solution  (p.  67).  We  will  then  be  able  to  recognize 
fairly  large,  flat  cells,  lining  the  alveoli,  the  respiratory  epithelium, 
which  is  the  direct  continuation  of  tlic  cuboid  epithelium  of  tlie  end  bron- 
chioles. Externally  to  these  cells  we  find  the  elastic  tissue  and  the  capillaries, 
embedded  in  a  structureless  basal  membrane.  The  capillaries  disappear  al- 
most entirely  in  the  specimens  injected  in  this  manner. 
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5.  THE    URINARY    AND    GENITAL    ORGANS 


Fig.  138. — Human  Kidney 
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Kidneys  of  children  during  the  first  and  second  years  of  life  are  best 
suited.  A  median  longitudinal  section  divides  the  organ  into  an  anterior  and 
posterior  half.  Each  of  these  is  divided  by  a  horizontal  cross-section  into 
an  upper  and  lower  quarter.  The  pieces  are  fixed  in  W^'i  fonnnlin  fur  twenty- 
four  hours,  followed  by  5%  formalin  for  an  equal  length  of  time.  Plates  of 
ii-3  nun  thickness  are  cut  and  frozen  sections,  10-20  [i  in  thickness,  are 
stained  ivith  cresvl  violet   (p.  62). 
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Distrihution  of  Cortical 
and  Medullary  Substance, 

The  macroscopic  division  of  the  kidney  into  cortical  and  mcduUory 
SubMtance  {rs  and  ms)  is  likewise  noted  under  the  microscope  with  \gv 
power.  Internally  to  the  connective  tissue  capsule  (ka)  we  find  the  uniform, 
narrow  cortex,  which  soon  divides  into  the  columnae  renalcB  (cr),  aris- 
ing by  broader  or  narrower  bases.  They  are  conical  or  cylindrical  divisions 
of  the  cortical  substance,  which  taper  toward  the  medullary  substance. 
Where  they  merge  into  the  latter  we  find  large  vessels,  surrounded  by  con- 
nective tissue,  which   run  parallel  to  the  surface  of  the  kidney,  the  V€Ua 


The  medullary  portion  of  the  human  kidney  forms  the  macroscopically 
visible  pynunidt,  eight  to  eighteen  in  number,  the  rounded  apices  of  which 
point  toward  the  hilum  of  the  kidney.  The  broad  bases  of  the  pyramids 
merge,  thus  forming  a  uniform  medullary  substance,  from  which  finer  or 
coarser  processes,  the  nicdullcury  rayM  {inst)^  radiate  toward  the  cortex, 
separating  the  different  columme  renales. 

Glandular  Structure 
of  the  Kidney. 

The  kidney  is  an  alveola-tubular  gland,  the  secretory  part  of  which  has  its 
origin  in  a  small  vesicle,  the  Mcdpighicut  COTpuudc*  We  can  see  this  for- 
mation represented  in  large  numbers  in  the  cortex;  they  jire  wanting  in  the 
outermost  portion  of  the  cortex,  but  in  the  colunma"  renales  they  are  found 
penetrating  deeply  toward  the  medulla.  We  notice  in  our  specimen  that  the 
corpuscles  themselves  have  frequently  fallen  out,  a  small  circular  vacuole  ap- 
pearing in  their  place.  From  the  corpuscle  develops  a  small  canal,  arranged 
in  many  convolutions,  the  tubuluM  COntortUM  (convoluted  tubule).  It  enters 
a  medullary  ray,  descending  ^s  a  thin  tubule  in  a  straight  course  into  the 
medullary  substance.  Turning  abruptly,  it  retraces  its  course  upward  to  the 
vicinity  of  its  point  of  exit  in  the  cortex.  Thus  a  more  or  less  extensive 
loop  has  been  formed,  tenntni  Hcnlc^M  loop*  After  arriving  near  its  cor- 
puscle, the  tubule  again  becomes  convoluted  within  the  cortical  substance  and 
then  merges  into  the  intermeduite  piece.  This  again  enters  a  medullary  ray 
and  becomes  the  collecting  tubule*  As  we  advance  toward  the  medulla, 
we  find  more  and  more  intermediate  pieces  opening  into  the  collecting  tubule 
within  the  medullary  ray.  The  small  collecting  tubules  become  larger  col- 
lecting tubules,  which  finally  unite  to  form  the  ductus  papillares  in  the  deeper 
strata  of  the  medulla,  opening  in  ten  to  twenty-four  orifices  at  the  papillie 
in  the  hilum  of  the  kidney. 

Our  specimen  does  not  show  the  entire  course  of  the  tubule.  In  the 
deeper  and  middle  layer  of  the  me<lulla  the  collecting  tubules  are  mostly  cut 
transverselv,  surrounded  by  a  small  amount  of  connective  tissue.  At  the 
basis  of  the  pyramids  and  furthermore  within  the  medullary  rays  they  are  in 
longitudinal  section. 

A  renal  tubule  in  its  entire  length,  from  Malpighian  corpuscle  to  the  duc- 
tus papillaris,  can  only  be  represented  by  way  of  plastic  reconstruction.  Con- 
siderable parts  of  it,  however,  can  be  obtained  by  macerating  half  of  a  mouse 
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kidney  in  hydrochloric  acid  (aciduni  hydrochloricmii  conctntratutn,  Phannn- 
coptpia).  The  kidney  is  left  therein  overniglit  und  then  trHnsfcrrod  for  one 
to  two  days  in  repeatedly  changed  water.  Such  a  specimen  is  spread  or.  n 
slide  in  diluted  glycerine.  We  will  be  able  to  find,  e.g.,  the  ductus  papjllares 
with  their  respective  collecting  tubules,  Henie'i  loops,  Malpighian  corpuscles 
with  the  origin  of  the  tubulus  eontortus,  etc. 


^-> 
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Fig.  139. — From  the  Cortical  Substance  of  the  Human  Kidney 

Fig.  140. — From  a  Medullary  Ray  of  the  Human  Kidney 
Fig.  141. — From  the  Medullary  Substance  of  the  Human  Kidney 


Fig.  139.— From  the  Cortical  Substance  of  the  Human  Kidney 

280.     %.     Formnlm.     Frozen  section.     Crcsyl  violet. 

We  will  now  exftmine  Koino  clmriicferiHtic  parts  of  the  preceding  speciincn  1 
under  higher  power.  First  we  search  the  cortictil  stihstnncc  for  Malpighian  ] 
rorpusck's,  in  which  the  ori/jin  of  the  tuhulus  contortus  has  been  prcBcrved.  I 
With  due  patience  we  will  .succeed. 

mTiuhirf  ai  the 
Malpighian    Corpunclts, 

In  Fig.  139  wi'  find  ii  glohuUr  Maljnghian  corpuscle  surrounded  by  a  ] 
membrana  propria  imp)-  Th''  hitter  is  a.  structureless  incmbrnne,  which  j 
is  continuous  on  the  one  hand  with  the  advcntitia  of  the  afferent  blood-v. 
«'Im,  on  the  other  with  tlie  iiietiihrnna  pnipriii  of  the  tuhulus  contortus.  Few  J 
connective  tisHUe  cells  are  found  on  its  exterior.  Internally  to  iiiembruna  j 
pria  we  sw  n  stratum  of  flat,  polygonal  cells  (pb).  They  increase  in  height  ' 
at  the  point  of  origin  of  the  tubulut  contortus  (,tc),  f^radiially  becomin 
continuous  in  the  cuboid  cells  of  tin'  lattLi-.  On  those  places  of  our  sectior 
where  the  contents  of  the  Malpighian  corpuscle  have  fallen  out,  the  wall  i 
fonned  solely  by  the  meinbrana  propria  and  this  simple  layer  of  epithelium. 
Both  tof^'tlier  form  the  so-called  Mueller's  cap.sule  of  tJie  corpuscle. 

Inspecting  the  c.ipsular  epitheliuin  at  the  point  of  entrance  of  the  vessels 
into  the  corpuscle  (c),  we  easily  recognize  how  here  (X)  tiie  capsular  epi- 
thelium is  reflected  over  the  glomerulus,  continuing  iis  a  layer  of  low  cells, 
which  cover  the  glomerulus  completely  (rb).  We  have,  therefore,  an  inti- 
mate connection  between  the  glomerulus  and  Mueller's  capsule.  Due  to  the 
fact  that  this  part  is  but  a  thin  stem,  enveloping  the  blood-icssels,  each  part 
of  our  fro/.cn  section  which  does  not  cross  this  spot  will  be  minus  the  cor- 
puscle, wiiich  has  fallen  out,  since  its  connection  with  the  capsule  has  been 
severed. 

The  glomerulua  itself^  as 
capillary  convolutions,  which  are  cncio) 
The  vessels,  piercing  into  the  corpuscle, 
by  epithelium,  have  pushed  this  epitheliu 

vesicle  has  been  transformed  into  a  doublo-wallcd  goblet.  The  outei 
the  goblet  is  formed  by  Mueller's  capsule,  the  inner  wall  by  the 
thelium,  the  edge  of  the  goldet  is  represented  by  tbe  place  of  entrance  of  the 
vessels,  its  contents  by  the  tuft  of  vessels,  and' the  foot  by  the  tuhulus  con- 
tortu.s.  Between  the  two  walls  of  Hie  goblet  is  n  small  space,  the  remainder 
of  the  former  vesicular  lumen,  which  opens  into  the  tuhulus  contortus.  The 
epitheliiun.  covering  the  tuft,  can  in  the  adult  person  not  be  spoken  of  as 
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L  will  observe,  is  formed   by   a  tuft  of 

9ed  by   the  aforementionfti  epithelium. 

riginally  nothing  but  a  vesicle  lined 

a  before  theni,  so  that   the  globular 
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consisting  of  separate  cells,  the  nuclei  lying  in  a  common,  homogeneous  mass 
of  protoplasm.    Thus  we  have  here  a  gyncytium. 

A  small  artery,  entering  the  glomerulus,  the  V€iM  offerenM  iva)j  can  be 
traced  to  the  left  to  its  origin  from  the  interlobular  artery  (oi).  The  VOM 
effetettMf  emerging  from  the  glomerulus  close  to  the  vas  aiFerens,  has  not 
been  included  in  our  section. 

As  regards  the  tubuli  contorti,  the  convoluted  uriniferous  tubules,  we 
have  seen  their  cuboid  ciliated  epithelium  previously  in  the  frog  (p.  II,  27).  In 
man  and  the  mammalia  they  are  characterized  by  a  distinct  rod-structure  at 
the  basal  part  of  the  cell,  such  as  we  have  noticed  in  the  salivary  tubules  of 
the  submaxillary  gland. 

To  the  left  of  the  Malpighian  corpuscle  we  observe  an  internwduite 
piece  (scha)  in  longitudinal  section.  In  general  it  has  the  same  structure  as 
the  convoluted  tubule;  the  cells,  however,  are  slightly  lower. 


Fig.  140. — From  a  Medullary  Ray  of  the  Human  Kidney 

280.     %.      Formalin.     Frozen   section.      Cresyl   violet. 

Structure  of  the  Straight 
Uriniferous  Tuhulea. 

We  now  inspect  a  medullary  ray.  If  what  we  have  previously  said  be 
true,  we  must  find  Henl^M  loop  and  collecting  tubuleM.  Longitudinal 
sections  are  most  easily  recognized,  showing  the  thin  limbs  of  Hettle^S  loop 
(fc*cW*),  quite  narrow  canals,  lined  by  very  low  cells.  Following  their 
course,  we  come  to  a  point  where  the  thin  limb  becomes  considerably  thicker 
(A*cW"),  the  lumen  becoming  wider  and  being  lined  with  higher  cuboid  cells.- 
This  change  may  occur  in  the  descending  as  well  as  in  the  ascending  portion 
of  the  loop,  so  that  the  caliber  of  the  tubule  may  increase  either  in  the  direc- 
tion of  the  medulla  or  that  of  the  cortex.  Quite  often  we  can  notice  the  rod 
structure  in  the  cells  of  these  thickened  portions  of  Herders  loop. 

Our  section  also  demonstrates  a  collecting  tubule  (*r).  The  moderately 
wide  lumen  is  lined  with  cuboid  cells. 


Fig.  141. — From  the  Medullary  Substance  of  the  Human  Kidney 

280.     *}a.     Formalin.     Frozen  section.     Cresvl  violet. 

S  true  lure    of    thr 
Papillary  Ducts. 

Finally,  we  will  glance  over  the  large  ductus  papillares  of  the  medullary 
substance.  They  are  lined  with  cylindrical  cells,  which  are  of  a  striking  char- 
acter.    Their  heads,  projecting  into  the  lumen,  are  very  light,  appearing  al- 


most  empty,  while  the  deeper  part,  harboring  the  nucleus,  contains  a  dark- 
staining,  dense  protoplasm. 

Thf  Connective  Tiisuc 

of  the  Kidney. 

While  in  the  cortex  we  find  but  scanty  connective  tissue,  wound  about  the 
Malpighian  corpuscles  and  the  convoluted  tubules  and  accompanying  the  ves- 
sels to  a  large  extent,  it,  becomes  quite  noticeable  in  the  medullary  substance, 
separating  the  papillary  ducts  within  the  papiJle  in  considerable  amounts. 
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Fig.  142. — Injected  Human  Kidney 

Fig.  143. — Glomerulus  from  an  Injected  Human  Kidney 

Fig.  144. — Transverse  Section  through  the  Human  Ureter 


Fig.  142.— Injected  Human  Kidney 

20.     MuelUr'n  fluitl.     Formalin,      Frozen  Hcctioi). 

One  of  the  easiest  problems  in  the  technique  of  injection  !•*  the  injection 
of  the  nrteries  of  the  kidney.  The  organ  should  be  removed  from  the  Imdy, 
placed  in  varm  water  (+0^)  for  several  hours,  and  then  injected  with  the  red. J 
^Utf-mass  (p.  74)  by  introducing  the  cannula  into  the  renal  artery.  The  l>e«W 
results  are  obtained  from  incomplete  injections.  Injection  should  be  discon-j 
tinucd  when  the  capsule  commenceK  to  he  red.  Complete  injections  do  i 
yield  clear  pictures. 

Course  of  lilood-VesieU 
in    the  Kidnvy. 

In  our  previous  gi^neral  view  we  noticed  the  crnrcd  OTciform  arterieSf 
running  parallel  to  the  surface  of  the  kidney.  We  see  one  in  this  specimen 
titled  with  red  nia.^M  (ita).  From  it  b  strong  branch  arises  at  right  angles, 
going  toward  the  cortex  and  giving  off  nunierouK  branches  in  its  course,  the 
interlobular  artery  («»)■  The  trunk  of  the  latter  as  well  as  its  branches 
constantly  give  off  short  side- branches,  which  as  oosa  afferentia  pierce 
eiicli  a.  Mueller's  capsule,  where  they  form  a  glomerulus.  'A'he  vus  efferens 
emerging  from  the  latter  breaks  up  into  capillary  iin'shes,  wliich  surround  the 
convoluted  tubules.  The  last  end  branches  of  the  interlobular  arteries  »dso 
form  cupillarleH,  which  surround  the  tubules,  situated  in  the  outermost  por- 
tion of  the  cortex.  The  capillaries,  enclosing  the  straight  tubules  of  the  me- 
dullary substance,  are  partly  derived  from  the  vasa  efferentia  {ar^),  partly 
directly  from  the  arciform  artery  (iir.,). 

Where  the  mass  has  penetrated  into  the  veins,  we  find  closely  under  the 
capsule  the  stellate  veins,  venae  stellatae,  which  collect  the  blond  from  the 
external  part  of  the  cortex  and  empty  into  the  interlobular  veins  or  the 
arciform  veins,  respectively,  the  latter  following  the  course  of  their  coi^ 
responding  arteries. 


Fig.  143. — Glomerulus  from  an  Injected  Human  Kidney 

280.     Mueller's  fluid.     Formalin.     Frozen  section. 


Bringing  a  single  glomerulus  in  the  field  under  liigii  power,  we  notice 
how  the  vas  afferent  (I'o),  after  piercing  into  the  Malplrjhian  corpuscle, 
breaks  up  into  numerous  ana.ttoniusing  loops.     By  the  junction  of  the  loops 
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a  second  vessel  is  formed,  the  vas  efferent  (ve)f  which,  after  leaving  the  cor- 
puscle, divides  into  capillary  loops,  surrounding  the  uriniferous  tubules.  The 
entire  mass  of  loops  often  forms  incomplete,  separate  lobules. 

As  mentioned  previously,  the  vas  aiFerens  as  well  as  the  vas  eiFerens  must 
be  considered  as  arteries,  according  to  the  structure  of  their  walls,  containing 
distinct  circular  muscle  fibres.  The  loops  of  the  glomerulus  do  not  contain 
any  muscle;  furthermore,  silver  injection  shows  that  their  endothelium  is  not 
composed  of  distinctly  separate  cells. 


Fig.  144. — Transverse  Section  through  the  Human  Ureter 

80.     %.     Formalin.     Frozen  section.     Biondi  solution. 

Small  pieces  of  the  organ  are  fixed  in  10%  formalin,  transferred  the  fol- 
lowing day  to  5%  formalin,  and  cut  into  transverse  sections  on  the  freezing 
microtome.     Staining  in  Biondi  solution  (p.  67). 

Structure  of  the  Ureter, 

Externally  the  organ  is  enveloped  by  the  fibroUB  Ifieiflfrraiie  (/A), 
which  contains  numerous  small  blood-vessels  (bg)  and  nerves  (n),  together 
with  a  large  amount  of  fat-cells.  This  is  followed  inwardly  by  a  powerful 
mUMCalcnr  coat  (mh).  It  consists  of  smooth  muscle  fibres,  which,  joined  in 
smaller  or  larger  bundles,  partly  follow  a  circular  (cm),  partly  a  longitu- 
dinal (Im)  course.  Although  the  bundles  mingle  to  a  large  extent,  stiU  we 
may  recognize  three  different  layers.  Externally,  underneath  the  fibrous  coat, 
and  internally,  near  the  mucous  membrane,  their  course  is  principally  lon- 
gitudinal, the  circular  fibres  lying  between  these  two  strata.  The  muscular 
bundles  are  of  varying  thickness,  separated  by  abundant  connective  tissue. 
Interiorly  the  longitudinal  bundles  become  steadily  thinner,  the  muscular  coat 
merging  into  the  thin  mucous  membrane  without  any  definite  border.  The 
submucosa  is  wanting. 

The  mucous  membrane  {schlh)  forms  several  folds,  projecting  into  the 
lumen.  It  does  not  contain  any  glands  and  is  coated  by  tronBitioiud  epi* 
thelium  {^p)^  such  as  we  have  found  in  the  urinary  bladder  (p.  II,  47). 
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Fig.  145.— Urinary  BUdder  of  the  Child 

Fig.  146. — Longitudinal  Section  through  the  Testicle  of  the 

Monkey 


Fig.  145. — Urinary  Bladder  of  the  Child 

30.     -J/^,     Formalin.     Frozen  section.     B'tondi  Hoiutioii. 

The  bladder  is  removed  from  the  fresh  body  of  a  child,  split  open  longi- 
tudiimlly  and  spread  un  a  wax  pkte,  estercal  surface  down.  After  fixing  ' 
the  specimen  for  twenty-four  hours  in  10%  formalin,  it  is  cut  into  strips, 
0.5—1  cm  thick,  vertical  to  the  surface  of  the  mucous  membrane,  cut  and  pre- 
served in  5%  formalin.  Sections  are  made  on  the  freezing  microtome  and 
stained  in  Biondi  solution  (p.  67). 

SIrutt.ire   of   (he 
('riiiary  Bladder. 

The  bladder-wall  in  general  assiniilates  that  of  the  ureter.  The  epith^ 
Hum  (rp)  is  the  same  as  that  of  the  ureter;  its  structure  and  varying  thiek- 
iiesd,  dependent  upon  the  contraction  or  distention  of  the  bladder  respectively, 
has  been  sufficiently  discussed  in  a  previous  chapter  (p.  II,  +6).  The  mucous 
membrane  is  absolutely  free  from  glands.  The  propria  {/"")  is  connected 
vrith  the  muscularis  by  an  indistinct  gabmucOMO  {smc). 

The  smooth  muscle  bundles,  composing  the  muscular  coat,  are  thicker  on 
an  average  than  in  the  ureter  and  iire  separated  by  an  abundant  amount  of 
connective  tissue.  They  cross  in  nil  directions,  hence  appear  in  transverse, 
longitudinal   and   oblique  section. 
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Fig.   146. — Longitudinal  Section  through  the  Testicle  of  the 
Monkey 

6.      %.     Formalin.      Frozen  section.     Crcsyl  violet. 

For  the  study  of  the  gross  structure  of  the  testicle  we  have  selected  the 
testis  of  the  monkey,  which  assimihites  the  human  testis  in  all  essentials. 
After  removing  the  coverings,  the  organ  is  fixed  in  toto  in  10%  formalin, 
then  split  in  halves  by  a  sagittal,  longitudinal  section,  and  transferred  to 
5'/'  formalin.  Frozen  sections  of  moderate  thickness  are  stained  in  crcsyl 
violet  (p.  62). 

Coiinvrtive    Tissue 
of  the  Testicle. 

The  testicle   is  surrounded  by  a  strong  connective  tissue   capsule    (alb), 

containing  numerous  blood-vessels    [bg)  ;  it  comprises   the  visceral   lamina  of 

botli  the  tunica  vaginalia  propria  und  tunica  albuginea  testis.     It 

sends  numerous  connective   tissue  septa  into   the  organ,  ivhieh  in   a  radiat- 
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ing  course  reach  a  mass  of  connective  tissue  (mt)  in  the  interior  of  the  tes- 
ticle, the  medioBtinnm  testU.  The  latter  opens  at  the  postero-superior 
periphery  of  the  testicle,  where  it  becomes  continuous  with  the  albuginea. 

The   Parenchyma 
of  the  Testicle. 

The  parenchyma  is  situated  within  these  conical  spaces,  which  envelop 
the  septula  testis,  forming  cone-shaped  lobules,  the  lobuli  testis^  their  base 
being  directed  toward  the  periphery,  their  apex  toward  the  mediastinum.  In 
our  specimen  they  are  shown  mostly  in  transverse  or  oblique  section.  In  the 
upper  part  only  do  we  sec  a  few  longitudinal  sections  (It), 

Of  the  efferent  ducts  of  the  testicle,  the  ductuli  efferentes  (de)f  only 
one  is  sho\*Ti  here.  They  are  derived  from  the  rete  testis  (rt)^  a  fine  net- 
work, occupying  the  upper  posterior  pole  of  the  testis.  The  mediastinum 
appears  crossed  by  fine  blue  canaliculi  (^r),  which  empty  into  the  rete  testis, 
the  network  of  the  latter  being  formed  by  their  junction.  Following  these 
tubuli  seminiferi  testis  toward  the  periphery,  we  see  them  enter  the  tes- 
ticular lobules.  Thus  the  straight  seminiferous  tubules  are  the  efferent  ducts 
of  the  testicular  lobules. 

Looking  at  the  apex  of  a  testicular  lobule  with  high  power,  we  readily 
observe  how  the  tubulus  rectus  divides,  its  branches  arranging  themselves  in 
numerous  contortions;  the  tubuli'seminiferi  recti  merge  into  the  tubuli  semi^ 
niferi  COntorti.  They  form  the  bulk  of  the  lobules,  anastomosing  among 
themselves  or  ending  blindly;  they  represent  the  semen-secreting  portion  of 
the  testicular  parenchyma.  The  spermatozoa,  as  we  will  soon  convince  our- 
selves, are  but  modified  derivatives  of  the  epithelial  cells  lining  these  con- 
torted seminiferous  tubules. 

The  efferent  ducts  enter  the  epididymis  (nh)  and,  again  becoming  tortu- 
ous, they  form  several  small  lobules,  separated  by  connective  tissue,  which 
combine  to  form  the  head  of  the  epididymis,  caput  epididymidis.  A  duct, 
ductulus  epididymidis,  emerges   from  each  of  these  lobules,  all  of  them 

combining  to  fonn  the  duct  of  the  epididymis,  ductus  epididymidis. 
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Fig.  147.— Tetticle  of  the  Cat 
Fig.  148i. — ^^ididymi*  of  Man 


400.     Sublimate. 


Fig.  147.— Testicle  of  the  Cat 

Mueller'^   fluid-acetic  acid.      Paraffin   section, 
solution. 


Functionating,  i.e.,  semen- secreting  human  testes  being  difSctilt  to  obtain^ 
we  will  study  the  liner  structures  of  the  testicle  in  a  niAmmtil.  We  select  the 
testes  of  the  cat.  The  organ  is  deliver«i  from  its  coverings  and  in  tolo 
placed  in  a  mixture  of  sublimate,  Miieller's  fluid  and  acetic  acid  (p.  81), 
heated  to  body  temperature.  Afttr  half  an  hour  the  organ  is  divided  into 
pieces,  several  millimptres  in  thickness,  which  are  replaced  in  the  fluid  for 
BIX  to  eight  hours.  After  washing  them  in  running  water  overnight,  wc 
dehydrate  in  alcohol  and  embed  in  paraffin.  The  sections  are  placed  and 
staintd  in  Biondi  solution  {p.  67).  The  other  testicle  is  placed  in  10% 
foriimlin  for  twenty-four  hours  and  divided  into  smaller  pieces,  which  are 
kept  in  5%  formalin.  Frozen  sections,  made  of  this  material,  are  first 
stained  in  hiemalum  (p.  56)  for  ten  minutes,  washed  in  water,  transferred 
to  50'/!'  alcohol  and  counter  stained  in  an  alcoholic  solution  of  sudan  (p.  66) 
for  fifteen  to  twenty  minutes.  After  being  washed,  the  sections  may  be 
mounted  in  lovulose. 

We  will  first  study  the  paraffin  sections.  Under  low  power  we  notice 
transverse,  oblique  and  longitudinal   sections  of  seminiferous  tubules. 


Structure 
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which    differs    in    height     and 
1    is    more    or   less    completely 
e  distinguish  numerous  small, 
1  of  the  testicle,  i.e.,  its  formed  con- 


Tuhulea. 

They    are    lined    by    stratified    epithelium, 
structure   in    the  different    tubules,      Tlie   lume 
filled  by  a  thready,  redstained  muss,  in  which  ^ 
bright  blue  nucl.-l.     This  is  the  secretio 
stituents,  the  semen. 

In  the  interspaces  between  the  tubules  we  recognize  many  blood-vessels, 
surrounded  by  masses  of  peculiar  cells.  These  cells  have  been  named  inter- 
mediate or  interstitied  cells  of  the  testicle. 

Our  picture  shows  iindir  liipli  power  ;l  small  portion  cif  our  section. 
Two  neighhoridg  tul.iiles  Arv  (li-picted  In  cross-.section.  slmwing  a  part  of 
their  wall  and  the  interstitial   siihshinee  h.-tween  them.      Eacli  tubule   is   sur- 


unded    bv 


■i-li\ 


tissli, 


memoTana  propria. 


mount  etl 


internally  by  stratified  epithelium.  The  cpitheliu 
tuliules.  In  the  left  tuhule  we  find,  following  the  nunibranu  propria,  a  sim- 
ple layer  of  large  cells  containing  each  a  large  miel.us  They  are  the 
spermatogenia  ("Pff)-  Betwien  them  we  see.  lit  definite  distances,  cells 
with   smaller  nuclei,  also   mounted   nil   the   ine.nhn.nn    propri.i.   which,   however. 
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can  hardly  be  distinguished  from  the  spermatogcnia  during  this  state  of 
spermiogenesisy  taking  place  within  their  body.  They  are  the  so-caiied 
foot'CdlM  or  C€Um  of  Sertoli.  The  nucleus  is  smaller  than  that  of  the 
spermatogenia  and  slightly  more  irregular  in  shape,  the  cell-body  is  pyra- 
midal or  conical,  the  base  resting  upon  the  membrana  propria,  while  the 
apex  protrudes  into  the  succeeding  layer  of  cells. 

Next  to  these  we  come  to  two  or  three  layers  of  slightly  smaller  cells,  the 
nuclei  of  which  are  in  the  state  of  division.  They  are  the  MpermatocyteM 
{spc).  They  are  derived  from*  the  spermatogcnia  by  indirect  cell  division, 
and  dividing  in  turn  (double  division)  furnish  those  cells  which  form  the 
two  to  three  innermost  strata,  the  BpermatidM  ('pO-  The  latter  are 
smaller  in  body  as  well  as  in  nucleus  than  the  spermatocytes  and  are  more 
loosely  connected.  They  furnish  the  actual  spermCLtozca  by  a  complicated 
process  of  metamorphosis,  affecting  both  nucleus  and  cell-body.  The  greater 
steps  of  this  process  can  be  traced  in  our  specimen. 

Structure  of  the 
Mature  Spermatozoa, 

The  lumen  of  our  tubule  contains  a  large  amount  of  ripe  tpetmotozon 
(sp).  They  consist  of  a  head,  intermediate  piece  or  neck  and  tail.  The 
head  appears  at  one  time  as  an  approximately  oval  plate,  another  time  as 
a  small  wedge.  In  the  former  case  we  have  a  face-view,  in  the  latter  a 
side-view,  so  that  the  actual  shape  of  the  head  is  that  of  an  oval  plate,  which 
tapers  and  becomes  thinner  in  front.  The  intermediatB  piece  or  neck 
is  slightly  shorter,  but  much  narrower  than  the  head,  and  of  cylindrical 
form.  While  the  basophilia  of  the  head  proves  its  chromatin-nature,  the 
neck  as  well  as  the  tail  take  a  red  stain,  viz.,  are  acidophilic.  Higher  power 
still  will  reveal  a  disc-shaped  formation  on  either  end,  remains  of  the  central 
bodies  of  the  spermatids.  The  axis  is  formed  by  the  axis-thread,  surrounded 
by  a  spiral  covering,  which  continues  through  the  tail  of  the  spermatozoon, 
forming  the  main  component  of  the  latter.  Neck  and  tail  can  hardly  be 
separated,  forming  one  continuous  structure,  as  it  were. 

Spermiogenests, 

Looking  at  the  section  of  the  tubule  at  the  right  hand,  different  condi- 
tions present  themselves.  Again  we  recognize  spermatogenia  and  spermato- 
cytes, the  spermatids  (spt^)^  however,  have  changed  their  shape  and,  what 
is  still  more  striking,  their  position.  The  tendency  of  the  cell  to  elongate, 
which  we  have  previously  noticed,  has  led  to  the  development  of  a  long- 
drawn-out  formation,  the  anterior  portion  of  which  is  occupied  by  the 
wedge-shaped  nucleus.  The  chromatin  has  become  so  dense  that  it  stains 
evenly  blue.  We  have  here  young,  immature  spermatozoa.  They  are  grouped 
in  masses  in  such  a  manner  that  the  cell-body  points  toward  the  lumen  and  the 
nucleus  toward  the  membrana  propria  of  the  seminiferous  tubule.  Each 
of  these  bundles  of  young  spermatozoa  is  approximated  to  the  central  end 
of  a  cell  of  Sertoli^  which  now  cut  a  prominent  figure,  while  previously  they 
could  hardly  be  n»cognized.  A  copulation,  so-called,  takes  place  between  the 
young  spermatozoa  and  the  cells  of  Sertoli^  which  likely  causes  a  better 
nutrition  of  the  former. 


Other  fields  will  show  us  the  further  development  of  the  immature  sper- 
matozoa and  at  the  same  time  demonstrate  the  formation  of  new  spermntldA 
by  the  division  of  spermatocytes. 

The  interstitial  substance  is  made  up  of  large  polyhedral  cells,  their 
bodies  presenting  a  beautiful  meshwork  of  protoplasm.  Comparing  our 
findings  with  a  section  stained  in  sudan,  we  find  these  interstitial  cells  filled 
with  minute  drops  of  a  fatlike  substance,  taking  a  bright  red  stain.  One 
specimen  will  supplement  the  other  in  a  desirable  manner. 


Fig.   148. — Epididymis  of  Man 

176.     %.     Formalin.     Frozen  section.     Biondi  solution. 

The  head  of  the  epididymis  is  bisected  with  the  razor,  fixed  in  10% 
formalin,  and  on  the  following  day  transferred  to  5%  formalin.  Thin  frozen 
sections  are  stained  in  Biondi  solution  (p.  67). 

Our  picture,  taken  from  a  section,  made  at  right  angleii  to  the  longitu- 
dinal axis  of  the  testicle  through  the  head  of  the  epididymis,  shows  the  two 
characteristic   tubular  sections   of  the  epididymis,   the   Juetuti   efferentes 

(def)  and  the  dactat  epididymidit  (dep). 

Diictuli  Efferentes. 

In  the  efferent  tubules  the  surface  of  the  epithelium  has  become  irregular, 
presenting  numerous  elevations  and  indentations.  It  is  a  simple,  cuboid, 
ciliated  epithelium.  The  cilia  are  not  complete  everywhere,  forming  short 
hanks,  which  project  from  the  cells.  The  cells,  especially  those  mounted  on 
the  projecting  part  of  the  mucous  membrane,  also  contain  in  the  portion 
next  to  the  lumen  larger  or  smaller  masses  of  granules,  which  stain  inten- 
sively orange,  probably  representing  a  pre-stage  of  the  secretion.  The  outec 
covering  of  the  tubule  is  formed  by  a  connective  tissue  merabrana  propria. 
Between   the  tubules  we   also  find   abundant  connective  tissue. 

Ductus  Epididymidig. 

The  low  cuboid  is  replaced  by  a  high  epithelium  in  the  duct  of  the  epi- 
didymis {dep),  a  cylindric  epithelium,  arranged  in  two  rows  and  ciliated. 
The  oval  nuclei  of  the  cylindric  cells  and  the  round  nuclei  of  the  so-called 
replacing  cells  together  form  a  basal  nuclear  zone  of  the  epithelium,  in 
contradistinction  to  the  non-nuclnated  central  protoplasmic  zone.  The  cilia 
are  longer  than  those  of  the  efferent  tubules.  The  epithelium  is  mounted  on 
a.  membrana  propria,  which  gradually  gathers  some  circular  smooth  muscle 
fibres. 
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Fig.  149.— Ductus  (vm)  Deferens  of  Man 
Fig.  ISO.— Human  Pkvttete 


y 


Fiff.  149.— Ducttu  (va»)  Deferent  of  Man 

25.     %,     FomiHlin.     Frozen  "section.     Biondi  Wiition. 


length,  are  fixed  in  10% 
to  5%  fonniilin.     Frozi 


Pieces  of  the  human  vas  deferens,  0.5-1  cm  ii 
formalin  and  transferred  after  twenty-four  hour^ 
sections  are  stained  in  Biondi  solution  (p.  67). 

SlrucUri-  of  Ike 
Ductui   Deferens. 

A  main  characteristic  of  the  vas  deferens  is  the  extraordinarily  weU- 
dcvelnpcd  musctt/ar  coat.  Our  specimen,  taken  from  the  first  third  of 
the  duct,  shows  three  distinct  strata  of  smooth  muscle  fibres,  a  middle  cir- 
cular layer  (cm)  and  an  internal  {Urn)  and  an  external  (^alm)  longitudinal 
layer.  In  the  middle  and  last  third  of  the  duct  the  different  strata  are  not 
sharply  defined,  but  mingle.  Externally  the  muscular  layer  is  surrounded 
by  a  connective  tissue  fibrous  coat,  which  is  continuous  with  the  adipose 
ti.ssue  of  the  spermatic  cord.  A  part  of  the  latter  is  seen  in  our  specimen, 
containing  artmea  (ti),  veina  (v)  and  nerveM  (n). 

The  mucous  membrane  is  folde<l  longitudinally  in  several  places,  project- 
ing into  the  narrow  lumen  of  the  duet.  It  is  lined  with  two  layers  of  cylin- 
drical epithelium  (ep),  which  ia  lower  than  the  epithelium  of  the  duct  of  the 
epididymis  and  generally  lacks  the  cilia.  Submucosa  (ibm)  and  propria 
(pr)   are  differentiated  only  with  difficulty. 


1 


Fig.  150. — Human  Prostate 

160.      %.      Sublimate.      Frozen    section.      Biondi   solutio 


Small  pieces  of  the  organ  arc 
five  hours,  washed  overnight  in  ri 
Thin   frozen  sections  arc  stained 

Slriiclure  of  Prost^h. 
The  prostate  is 


xed  in  3%  sublimate  solution  for  four  to 
ling  water  and  preserved  in  5%  formalin. 
I   Hiondi   solution   {p.  67). 


Iveolar  gland.  Five  of  its  roomy  alveoli  {<dx')  appear 
m  section  in  our  specimen.  They  arc  lined  by  a  simple  layer  of  epithelium, 
the  cells  of  which  arc  partly  low  cuboid,  partly  high  cuboid,  partly  cylindri- 
cal. The  small  globular  nucleus  lies  at  the  base.  In  superficial  sections 
thronjfh  the  epithelium,  which  are  not  rare,  owing  to  the  cvtensive  alveolar 
hiiTien,  we  notice  that  the  cells  are  pentagonal  in  section.  The  cell-body 
is  slightly  swollen  at  the  extremity  near  the  lumen,  containing  a  light  nct- 
ftirnied  protoplasm.  The  lower  the  cell,  the  deeper  red  it  stains,  appearing 
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filled  with  numerous  fine  granules.     These  granules  are  also  found  in  the 
secretion  (fc) ;  they  are  seen  in  large  masses  in  the  lumen  of  the  alveoli. 

A  great  amount  of  smooth  muscle  is  characteristic  of  the  prostate,  being 
found  among  the  connective  tissue,  separating  the  alveoli;  our  specimen 
shows  them  united  in  bundles,  partly  longitudinal  (ml),  partly  transverse 
(m^).  The  connective  tissue  between  the  bundles  is  very  scanty.  Around 
the  alveoli  it  becomes  denser,  forming  a  thin  membrana  propria. 
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Fig.  151. — Human  Penis 
Fig.  1S2. — Ovary  of  the  Cat  with  Tube  and  Fimbria 


Fig.   151. — Human  Penis 


12.     %.     Formalin.     Fi 


roKcn    section.      Kesorcin    fuchsin.      Paracan 
Pieroindigcarmin. 


The  organ  is  divided  into  pieces  of  5-10  ram  thickness,  which  arc  first 
subjected  to  10%  formalin  for  twenty-four  hours  and  thereafter  pinced  in 
6%  formalin  for  an  equal  length  of  time.  Froaien  sections  are  made  from 
the  different  regions  and  stain^-d  primarily  in  resorcin  fuchsin  (p.  08)  for 
fifteen  minutes.  Wash  thoroughly  in  95%  alcohol,  transfer  to  paracitrmin 
{p.  55),  wash  in  70%  alcohol  and  counterstain  in  picroindigcarmin  (p.  67). 
After  ten  minutes  wash  again  in  70%  alcohol,  dehydrate  in  absolute  alcohol 
and  after  the  use  of  xylol  mount  in  Canada  balsam.  We  will  confine  our- 
selves to  the  description  of  a  section  through  the  cavernous  portion. 

The  Component  Partx 
of  the  Penis. 

Our  picture  represents  the  lower  portion  of  sucJi  a  section.  Of  the  three 
component  corpora  the  corpus  cavernoMttm  uretkrae  (ecu)  is  in  full 
view,  while  the  corpora  cavernosa  penis  (ccp)  are  only  partially  visible. 
The  latter  two  are  surrounded  by  a  powerful  connective  tissue  albuginea 
(flifcj).  It  contains  numerous  elastic  fibres,  forming  a  network,  which  have 
been  stained  black  by  the  resorcin  fuchsin.  The  two  lateral  albugineie  unite 
in  the  centre  to  form  the  septum  penis  (*p)-  The  latter  is  interrupted 
by  numerous  gaps   (anaxt),  through  which  tiie  two  corpora  communicate. 

The  corpus  cavernosum  urethrae  (spongiosum)   follows  below.     It 

is  likewise  surrounded  by  an  albuginea  {alb.^),  which,  however,  is  much  thinner 
than  that  of  the  penile  corpora  cavernosa  and  can  be  differentiated  from 
the  latter  without  difficulty.  Larger  and  smaller  blood-vessels  {bg)  and 
nerves  (»)  are  found  between  the  corpora.  The  arteries  especially  with  their 
strong  muscular  coat  are  very  striking,  carrying  large  amounts  of  elastic 
fibres  in   their  adventitia. 

The  structure  of  the  three  parts  of  the  pi'uis  is  in  general  the  same. 
Connective  tissue  septa  arise  from  the  albuginea,  which  form  an  interlacing 
framework,  resulting  in  a  widely  distributed,  spongy,  cavernous  system,  into 
which  the  afferent  blood-vessels  empty.  The  vascular  spaces  in  the  corpora 
cavernosa  penis  are  considerably  larger  than  those  of  the  corpus  cavernosum 
urethrw  (spongiosum)  ;  the  septa  are  also  thicker  in   the   f()rmer. 

While  the  albuginea'  of  our  specimen,  aside  from  nuclei  and  elastic  fibres, 
stain  almost  purely  blue,  the  septa  of  the  coi-pora  take  a  green  color.  High 
power  proves  this  to  he  due  to  deposits  of  smooth  muscle  fibres.  They 
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again  are  better  developed  in  the  corpora  cavernosa  than  in  the  corpus 
spongiosum. 

Within  the  septa  we  see  a  large  amount  of  blood-vessels  {bg).  The 
small  arteries  not  infrequently  show  a  thickened  intima. 

The  vascular  spaces  are  lined  by  a  simple  layer  of  /laf  epithelial  cells. 

Male  Urethra. 

Within  the  corpus  cavemosum  urethra?  we  see  the  cross-section  of  the 
urethra.  The  mucous  membrane  is  arranged  in  numerous  longitudinal 
foldsy  giving  the  lumen  the  appearance  of  a  narrow  transverse  cleft  with 
numerous  sinuses.  The  epithelial  lining  {^p)  is  composed  of  stratified 
cylindric  epithelium,  thus  differing  from  that  of  the  urinary  bladc^er  and  the 
ureter.  It  is  mounted  on  a  connective  tissue  propria  (pr),  which  merges 
into  the  subnntCO$a  {sbmc)  without  any  definite  border-line.  The  sub- 
mucosa  in  turn  becomes  continuous  with  the  tissues  of  the  corpora. 

In  the  submucosa  of  the  urethra  we  find  numerous  glands,  known  as 
urethral  glands  or  Littre^B  glands  {Idr),  In  our  section  they  extend  far 
into  the  substance  of  the  corpus  spongiosum,  other  sections  will  show  them 
superficially  in  the  propria.  They  open  into  the  sinuses  of  the  urethra  and 
are  lined  by  cylindrical  epithelium,  the  cells  of  which  contain  the  granular 
pre-stage  of  the  secretion. 


Fig.  152. — Ovary  of  the  Cat  with  Tube  and  Rimbria 

18.     %.     Sublimate — Mueller* s  solution — acetic  acid.     Paraffin  section. 

Biondi  solution. 

The  ovary  of  the  cat,  wliich  we  have  selected  for  our  study,  is  very 
similar  in  structure  to  the  human  ovary,  offering  a  better  survey  than  the 
latter,  due  to  its  smaller  size.  The  ovary  of  one  side  is  removed  with  its 
tube  and  fixi^  on  a  wax  plate  with  porcupine  bristles  in  the  natural  position. 
The  specimen  is  fixed  for  six  hours  in  the  mixture  of  sublimate,  Mueller^s 
fluid  and  acetic  acid,  discussed  on  page  31.  The  other  ovary  is  taken  out 
separately,  cut  in  half  and  fixed  in  the  same  manner.  After  completed 
fixation  wash  in  running  water  overnight  and  dehydrate  by  the  usual  grades 
of  alcohol.  After  the  specimen  Iwis  hardened  in  95%  alcohol,  it  is  removed 
from  the  wax  plate,  dehydrated  thoroughly  and  embedded  in  paraffin.  The 
sections  are  made  to  include  ovary,  tube  and  fimbria  at  the  same  time. 
They  are  stained  in  Biondi  solution   (p.  67). 

Our  specimen  shows  the  large,  egg-shaped,  longitudinal  section  of  the 
ovary,  continued  at  the  left  in  a  thick  stem,  the  ovarian  ligament ;  it  con- 
nects the  ovary  with  thr  uterus.  Above  the  former  appears  the  Fcdlopian 
tube  (tu)  in  cross-section.  The  ovary,  or  the  aforementioned  ligament 
respectively,  is  connected  to  the  tube  by  a  fold  of  peritoneum,  the  mesOCMI- 
rium.     The  tube  runs  aliout   parallel  to  the  anterior  border  of  the  ovary, 

ending  laterally  in  the  fintbria  {fi)-    The  osteum  abdominole  (oa)  of 

the  latter  appears  at  the  right.     Owing  to  its  curved  course,  the  Fallopi^ 


tube  KB  well  as  the  mcaovanum  appear  in  transverse  section,  the  latter  i 
necting  the  tube  and  the  fimbria. 

Ovarii. 

The  ovary  presents  two  zones,  the  medullary  (nuu)  and  the  cortictd. 
{t*)  substance.  The  former  enters  the  organ  Ht  (he  hUum  in  the  form  of 
powerful  connective  tissue,  containing  numerous  vessels,  starting  at  the 
point  of  junction  of  the  ligumentum  ovarii  proprium  and  the  lignmenturn 
latum.  It  forms  the  foundation  of  the  organ.  It  is  surrounded  by  the 
cortex,  which  even  to  the  unaided  eye  appears  characterized  by  larger  and 
smaller  empty  spaces,  lined  by  epithelium,  the  Grooilon  follidea.  The 
follicles  vary  in  size,  the  smaller  and  medium  sizes  (pfo  and  fo^)  are  solid, 
the  larger  (fo^  and  fOg)  enclose  »  more  or  less  spacious  hollow,  the  follicular 
hollow.      Each   follicle  contains   an  ovum. 

Fallopian  Tube.  fl 

The  tube  (tu)  presents  distinctly  a  strong  circular  layer  of  miftcf^^ 
bounded  internally  by  the  propria.     The  latter  forms  many  folds,  projecting 
into  the  lumen  and  being  surmounted  by   secondary   projections.     They   are 
partially  cut  off  in  our  specimen  and  appear  free  in  the  lumen.     The  folds 
are  covered  by  epithelium.  -^M 

Fimbria.  ^ 

The  fimbria  {fi),  the  funnel-shaped,  abdominal  extremity  of  the  tube  of 
course  presents  essentially  the  same  structure  as  the  wall  of  the  tube.     Its 
I  membrane  lies  free  in  the  abdominal  cavity. 
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Fig.  153.— Ovary  of  the  Cat 
Fig.  154. — Fallopian  Tube  of  the  Child 
Fig.  155. — Fallopian  Tube  of  the  Child 


Fig.  153— Ovary  of  the  Cat 

80.      Sublimiik",  Mueller'n  fluid-ncctic   acid.      I'araffin  section.     Biondl 
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Primary  FoUiele. 

A  field  of  the  preceding  specimen  is  e.\nTiiiiifit  under  IiikIi  power.  The 
follicirs  appear  in  almost  all  stages  of  development.  Near  the  nurfaco  wr 
find  numerous  primary  follicles  {pfo).  They  contain  one  ovum  each,  a  large 
cell  with  a  globular  nucleus  and  light  red,  niCNhy  protoplasm.  The  nuclc-u.i 
shows  a  distinct  chromatin  frame  and  it  umall  nucleolus.  The  ovum-cell, 
about  50-60  l*  in  diameter,  is  surrounded  hy  a  simple  layer  of  low,  cuboid 
cells,  the  follicular  cells  (fo,).  The  follicU-s  are  separated  hy  the  con- 
nective tissue  of  the  ovarian  cortical  substance,  which  i-*  extremely  rich  in 
fibrublaxtK, 

Grov'll.  of  lh<-  FifUk-hs. 

Farther  inward  we  find  more  mature  follicles  (fo^)  of  about  twice  tln- 
sisie  of  the  preceding.  The  enlargement  nfcm*  mainly  due  to  a  proliferation 
of  tlie  follicular  L>pithL'lium,  which  has  become  stratified.  The  ovum  pn,-- 
sent.i  no  esHcntial  changes,  but  becomes  more  distinctly  isolated  from  tlie 
follicular  epithelium,  having  acquired  a  red-stuined  cotit,  the  zona  pellu~ 
cida.  The  entire  follicle,  too,  is  better  differentiated  from  its  surroundingm 
taking  on  a  connective  tissue  capsule,  the  theca  folliculi. 

Tin-  furth.T  enlargcntunt   of  th.>   follicle    (/o_,)    is   not   due  to  an   incr^-asc- 
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:1.  The  o™n 
measuring  now  over  100  V-  in  diamel 
an  exquisite  net  structure,  the  zona 
The  last  stage  of  follicular  de< 
]>re>,ents  an  almost  ripe  follicle.  The  intrafolUcular  Space  has  become 
filled  with  a  fluid,  the  liquOT  folUcuU,  a  part  of  the  newly  formed  follicular 
cells  having  undergone  liquefaction.  This  process  can  be  observed  on  favor- 
able places  in  our  specuncn.  Kxternally,  surrounding  the  entire  follicle,  wc 
have  the  theca  folUcali.  It  is  composed  of  vascular  connective  tissue, 
blended  with  numerous  strands  and  nests  of  peculiar  cells,  the  interstitial 
cells  or  grain  cells  I'r:).  Just  as  we  found  tiie  testicle  i>f  tlu-  cat  studded 
with  an  abundant  mnount  of  interstitial  cells,  so  do  we  observe  tliu  same  in 
the  ovary.  They  are  polyhedral  cells,  differentiated  distinctly  from  tin- 
red  connective  tissue  by  their  orange-j-ellow  color,  taken  from  the  'BioniH 
solution.  Tiie  different  nests  of  cells  an-  separated  hv  connective  tis.suo 
fibn-.  The  latter  form  an  essentittl  .■..iislituent  <.f  llu"  theca  folliculi,  so 
that  il  can  only  with  difBcultv  he  (Uslingiiished  from  the  surrounding  tissue. 
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liclc  can  easily  be  differentiated  from  the  adjacent  tissues.  The  cells  arc 
wanting  in  the  outer  portion  of  the  cortex.  Internally  the  theca  folliculi 
is  bounded  by  a  structureless,  bright  red  membrane,  the  choroid  in€m- 
brane.  The  blood  capillaries  (bg)y  coming  from  without,  pierce  as  far  as 
this  membrane.  The  follictUar  epithelium  lines  the  follicle  in  several  layers 
and  at  one  place  projects  in  form  of  an  elevation  into  the  follicular  cavity. 
This  cntnuluB  OOphorus  contains  the  ovum.  The  follicular  cells  have 
partly  cuboid,  partly  cylindrical  form.  The  latter  predominate  especially 
around  the  ovum.  The  ovum  itself  is  covered  by  the  now  fairly  thick 
zona  pellucidoj  which  under  very  high  power  shows  a  fine  radiating  stria- 
tion.  The  diameter  has  grown,  measuring  now  about  150  |a.  The  nucleus 
of  the  ovum,  the  gerwinol  Vencle  so-called,  shows  a  distinct  chromatin 
net  and  a  well-developed  chromatic  membrane.  It  possesses  a  strikingly 
large  nucleolus,  which  has  been  called  the  germinal  8pot.  The  formerly 
very  distinct  net-structure  of  the  protoplasm  of  the  egg  has  become  slightly 
blurred,  due  to  a  deposit  of  deutoplasmatic  substance,  the  yolk  gr€UnjdeM* 
Toward  the  zona  pellucida  the  protoplasm  becomes  more  homogeneous,  form- 
ing the  yolk  cortex. 

During  the  further  development  of  the  ovum  the  follicle  becomes  larger, 
pushing  the  younger  follicles  aside,  and  finally  gains  the  surface  of  the 
organ.  The  ovum,  leaving  the  bursted  follicle,  does  not  attain  its  complete 
maturity  and  capability  of  fertilization  until  its  entrance  into  the  tube. 


Fig.  154. — Fallopian  Tube  of  the  Child 

60.      '^.i*      Fonnalin.      Frozen    section.      Biondi   solution. 

Transverse  sections  of  the  organ  are  fixed  in  10%  formalin  and  trans- 
ferred on  the  following  day  to  5%  formalin.  Thin  frozen  sections  are 
stained  in  Biondi  solution   (p.  67). 

Strurturr  of  the  Oviduct. 

A  pronounced  fonnation  of  folds  is  characteristic  of  the  mucous  mem- 
brane of  the  Fallopian  tubes.  They  are  lor^gitudinal  folds,  which  in  the 
ampulla,  as  shown  in  our  specimen,  are  very  high  and  surmounted  by  second- 
ary folds,  so  that  the  entire  lumen  is  finally  filled  with  a  contorted  mass  of 
folds.  In  the  uterine  portion  of  the  tubes  the  folds  are  very  poorly  developed. 
The  folds  are  covered  by  epithelium,  to  be  described  shortly,  and  contain 
as  fundamental  substance  a  thin  vascular,  connective  tissue  propria^  which 
at  the  base  of  the  folds  is  mounted  in  a  thin  layer  upon  the  muscularis.  A 
suhiinicosa  cannot  be  distinguished.  The  muscuUtrie  of  the  infantile  tube 
is  weakly  developed,  but  still  illustrates  a  main  bulk  of  circular  smooth 
muscle  fibres.  Externally  to  the  circular  layer  we  find,  although  very  poorly 
developed  and  often  inter rupti^d,  a  stratum  of  longitudinal  muscle  fibres, 
appearing  most  pronounced  near  the  junction  of  the  mesosalpinx.  Follow- 
ing the  muscular  coat  we  come  to  a  loose  connective  tissue  BobuerOBUp  and 
finally  to  the  gerOMU  proper. 


Fig.  155. — Fallopian  Tube  of  the  Child 
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Blond't  solution. 


Txhal  EpHhfUum. 

To  study  the  tubal  epithelium,  we  adjust  the  summit  of  one  of  the  folda 
uodor  high  power.  We  recognize  a.  peculiar  ciliatt'd  epithelium — peculiar 
inasmuch  as  ciliated  cell.s  alternate  with  non-ciliated  ones.  The  epithelium 
is  simple  cylindrical.  The  ciliated  cells  are  conspicuous  by  their  size,  their 
light  cell-body  and,  finaUy,  by  an  intensely  red,  basal  membrane,  Thi- 
nucleus,  most  often  found  in  the  centre,  but  occasionally  nearer  the  base  of 
the  cell,  is  almost  completely  globular.  The  deep  red  basal  border  is  in 
striking  contrast  to  the  light  cell-body,  a  large  number  of  cilia  projecting 
from  the  former.  If  we  use  still  greater  power,  we  are  able  to  discern  the 
composition  of  the  basal  border  of  closely  approximated  basal  corpuscles. 
Only  seldom  do  we  find  two  ciliated  cells  together;  they  are  goneially  sepa- 
rated by  a  non-ciliated  cell.  The  latter  are  much  narrower  than  the  ciliated 
cells;  the  nucleus  varies  in  shape,  but  most  often  is  elongated  and  generally 
has  a  superficial  position.  Their  club-shaped  heads  project  very  often 
between  the  ciliated  cells.  They  are  usually  darker  in  color  and  often  pre- 
sent secretory  granules  in  their  club-shaped  extn-niity.  Very  probably  they 
are  secreting  cells,  which  have  formerly  been  ciliated  cells.  ^S 
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Fig^  156. — ^Traiuvene  Section  through  the  Body  of  Uterus  of 

the  Child 

Fig.  157. — Uterine  Mucous  Membrane  of  the  Child 
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Fig.  1S6.— Tmuverse  Section  through  the  Body  of  Utenu  of 
the  Child 
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1  section.     Cresji  violet. 


Excellent  Bpccimens  arc  furnislied  b_v  the  uterus  of  children  during  the 
first  weeks  of  life.  Tlie  orpran  is  separated  from  its  appendages  nnd  removed, 
including  a  piece  of  the  vagina.  With  the  razor  it  is  divided  into  three 
transverse  sections,  an  upper,  middle  and  lower  part.  After  fixing  in  10% 
formalin  for  twenty-four  hours,  the  specimen  is  placed  in  a  5%  solution, 
where  it  remains  for  two  days.  Frozen  sections  can  now  be  made.  A  disk. 
2-3  mm  in  thickness,  is  cut  from  the  upper  third  and  transverse  sections 
m&de  thereof,  which  are  stuined  in  cresyl  violet   (p.  62). 

Three  layers  can  immediately  be  distinguished  in  the  wall.  Next  to  the 
lumen  we  find  the  endometrium,  following  this  the  muscular  myome^iam 
and,  enveloping  the  latter,  the  thin  perimetrium. 

SImdure  of  the 
Body  of  Ihe  Uterus. 

The  uterine  lumen  is  a  narrow  transverse  cleft,  running 
from  the  upper  left  to  the  lower  right.     Numerous  lateral 
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f  sprouts,  the  uterine  glandn  (glm 


which  are  covered  with  fingerlike 
dula-  ut.Tin*,  dr).  Tiny  ,vrw  fairly  sli.i 
much  larger  in  later  years,  so  that  they  reach  or  even  project  into  the  myo- 
metrium. The  lumen  of  the  uterus  is  lined  by  the  uterine  epithelium, 
dipping  into  the  uterine  glands.  The  epithelium  is  mounted  on  a  powerful 
connective  tissue  propria  (pr),  which,  especially  right  below  the  epithelium. 
is  very  rich  in  cells,  creating  in  our  specimen  a  dark,  reddish  violet  zone. 
The  propria  contains  numerous  Bniallcr  vessels.  It  rests  directly  on  the 
myometrium   without   any   interposed  submucosa. 

The  myometrium  of  the  infantile  womb  is  ill-developed,  Increasing  in 
thickness  as  the  organ  grows  larger,  occupying  the  greater  part  of  the  wnll 
at  the  time  of  puberty.  Underneath  the  propria  we  find  here  only  scanty 
bundles  of  smooth  muscle  fibres,  which  have  been  cut  transversely  and  there- 
fore represent  longitudinal  fibres  in  the  uterus;  they  make  up  the  stratum 
tubmucoaum  {'»,)•  '''l'^'  '"'ll<  "f  ^'"^  muscular  layer  is  represented  by 
thi-  Mih^iijiK'iil  stratum  vasculare  ("'.).  It  consists  of  interlacing  circu- 
lar iDikscle  bundles,  hetueeii  which  smne  longitudinal  bundles  are  found. 
As  its  name  indicates,  it  is  rlmracterized  by  an  abundant  supply  of  large 
blood-vessels.  More  cxtcmally  we  come  to  the  stratum  supr avascular e 
(m^).  which  is  much  n«rrower  than  the  former  and  contains  besides  the 
circular  quite  a  numlxT  of  longitudinal  hundlef.  Aniung  (Ik'  eimnective  tissue 
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of  the  periphery  we  recognize  some  very  irregularly  distributed,  longitudinal, 
muscular  fibres,  which  make  up  the  last  layer,  the  •(rafam  Mifrserosain 
(m^).  The  entire  muscular  coat  of  the  uterus  is  composed  of  smooth  muscle 
cells,  which  are  short  in  the  virgin  uterus,  but  attain  a  considerable  size 
during  pregnancy. 

Externally  the  wall  of  the  uterus  is  bounded  by  the  simple  flat  epithelium 
of  the  serous  coat  (*),  which  is  joined  to  the  myometrium  by  scanty  s'.ib- 
serous  tissue. 

Elastic  tissue  does  not  appear  in  the  infantile  uterus,  stained  with  resor- 
cin  fuchsin,  except  in  the  vascular  walls.  This  is  not  so  later  on.  The 
mature  uterus  contains  a  considerable  amount  of  elastic  fibres  in  the  myo- 
metrium. They  surround  the  muscular  bundles  and  form  an  elastic  mem- 
brane against  the  serosa. 


Fig.  157. — Uterine  Mucous  Membrane  of  the  Child 

600.     Formalin.     Frozen  section.     Cresyl  violet. 

Structure  of  the   Utvrinr 
Mucous  Membrane. 

We  will  now  examine  the  uterine  mucous  membrane  under  high  power. 
The  epithelium  is  simple  cylindric,  composed  of  moderately  broad  and  high 
cells.  Our  stain  has  colored  the  protoplasm  reddish  violet,  the  intensity 
of  the  red  increasing  as  we  near  the  glands,  although  the  shape  of  the 
cells  remains  the  same.  Evidently  the  cells  are  mucous  in  character,  with 
a  view  to  our  fixing  agent,  although  no  pre-stage  in  form  of  granules  can 
be  demonstrated  in  the  cells.  The  secretion  proper  (*)  is  seen  in  the  form  of 
homogeneous,  red  masses  throughout  the  lumen. 

At  the  age  of  puberty  the  epithelia  undergo  a  change,  inasmuch  as  they 
acquire  cilia,  which  also  appear  in  the  uterine  glands.  This  condition  is 
not  constant. 

The  epithelium  rests  on  a  distinct  bosol  m€mbran€p  containing  always 
some  connective  tissue  cells. 

In  the  propria  we  find  irregularly  arranged  connective  tissue  fibres. 
Between  the  latter  we  notice  numerous  connective  tissue  cells  and  migrating 
cells. 
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Fig.  158. — Longitudinal  Section  through  the  Cenrix  Uteri  of  the 

Child 


Fig.  158.— Longitudinal  Section  through  the  Cerrix  Uteri  of  I 
Child 

10.     %.     Formalin.     Frown  xtction,     Cresvl  violet. 

The  low<rr  third  of  the  uterus  is  usl-cI  for  thi'  preparation  of  longitudini 
sections.      A   lon^tudinal   mi-dian   inciiiion  divides   it   into  a   right    and   k>ft 
half.     Onp  half  is  placed  on  the  freezing  table,  cut  surface  uppi-miost,   and 
sections  of  inoderah-  sine  are  made,  which,  of  course,  divide  into  an  anterior 
and  a  posterior  half.     Staining  of  the  sections  in  cresyl  violet    (p.  62). 

Slrurtur^  of  Iha  Ceritx  Vli^ri. 

Fig.  IM  demon *t rates  the  posterior  half  of  such  a  section.  At  the  left 
we  have  the  cervical  canal  ick),  to  the  right  Doughu'ii  space  (excnvatio 
n-cto-uterina).  Bi-lowr  we  have  the  portio  vagiruUis  of  the  cervix  extend- 
ing into  the  vagina  (rj/).  Our  specimen  shows  naturally  only  the  shiaII  pos- 
terior lip  (lahium  postoriua).  Behind  it  the  fornix  (/")  extends  <)uite  & 
distance  upward. 

Tin-  arrangfinint  of  layers  is  the  same  as  in  the  body  of  the  uterus. 
The  endometrium,  which  had  been  smooth  in  the  body,  forms  transverse 
folds  in  the  ccr\-ix.  Hie  plicae  palmatae,  some  of  which  can  be  seen  in 
the  upper  part  of  our  specimen  {pip).  They  are  more  or  less  high  and 
have  numerous  secondary  elevations.  Toward  the  external  os  the  folds  dis- 
.■i]i|)cpir  j^riiduiiliv  and  instead  we  find  dfcp  siiuisi's  in  the  uterine  mucous 
iiieiiihrjLMi-,  wliioli  extend  hifjh  up  in  (he  mucous  memhrnne  ^cd^^),  the  cer- 
vical glandt  {cdr).  They  arc-  found  throughout  the  ccr%ix,  but  attain 
thi-ir  greatest  development  at  this  point.  The  epithelium,  is  simple  cylindric, 
showing  no  cilia  in  this  case.  It  is  continuous  with  the  epithelium  of  the 
cervical  glands,  the  secretion  of  which,  a  tenacious  mucus,  can  he  seen  at 
different  places  (crfr, )   in  the  lumen  of  the  gland,  appearing  as  a  red  mass. 

The  propria  (pr)  offers  the  same  conditions  as  tiuit  of  the  uterine  body. 

The  different  muscular  layers  of  tiif  myometrium   (mm)    can  only    be 
differen tinted    with    di  " 
stratum  subscrosum  (m,),  hi 
portion  consists  mninly  o 
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nain  bulk  of  the  muscularis  vaginae.      Near  the  lumen  of 
viigitm  we  recognize   a  layer   of  circular  fibres,  which    limy  he   regarded 
1    iMinliniuition   of   the   stratum    vasculare, 
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simple  layer  of  epithelium  and  of  connective  tissue,  the  latter  especially  well 
developed  in  the  lower  parts. 

Structure  of  the 

Vaginal  Mucous  Membrane, 

The  foundation  of  the  vaginal  mucous  membrane  is  formed  by  a  propria^ 
which  shows  similar  conditions  to  that  of  the  uterus.  It  forms  high  circular 
folds,  the  columnae  rugarum  (cr),  which  again  has  secondary  folds.  The 
epithdintnp  filling  out  the  depressions  between  the  folds,  is  a  powerful, 
stratified,  flat  epithelium.  In  the  fornix  it  is  reflected  over  the  portio 
vaginalis,  investing  its  outer  surface,  and  at  the  external  os  merges  into  the 
simple  cylindrical  epithelium  of  the  uterine  mucous  membrane  (X)* 
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PLATE  68 

Fig.  159. — Traiuverae  Section  through  the  Superior  Rectus 

Oculi  of  the  Sheep 

Fig.  160. — Longitudinal  Section  through  the  Superior  Rectus 

Oculi  of  the  Sheep 


6.  THE  ORGANS  OF   MOTfON 

Fig.  159. — Transverse  Section  through  the  Superior  Rectu 
Oculi  of  the  Sheep 
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l''rozon   Hcction.      C'rcsvl  violet. 


To  demonstrate  the  composition  of  an  entire  muscle,  wc  may  use  cross 
im  well  U.S  longitudinal  sections.  Tlie  iniiKcle  Hhciiild,  of  course,  W  us  sirmll 
lis  possible,  in  order  to  give  a  better  survey ;  furthemiorc.  the  fibres  should 
he  as  parallel  as  possible,  in  order  to  obtain  purely  cross  and  Inn^itiidinnl 
sections  respectively.  The  straight  muscles  of  the  eye  are  especinlly  ndaptcd 
for  this  purpose.  For  reasons  which  we  will  appreciate  later,  we  select  the 
muscles  of  the  sheep.  After  removing  the  skullcap  and  the  brain  from  a 
fresh  sheep's  head,  we  take  off  the  entire  roof  of  the  orbit  by  sawing  through 
at  Iwth  the  lateral  and  the  median  boundaries.  The  two  lines  of  section 
converge  posteriorly.  With  a  chisel  the  entire  roof  may  now  be  broken  off, 
revealing  the  orbital  contents.  The  muscles  are  quickly  dissected  from  the 
orbital  fat,  detached  at  their  origin  and  insertion,  !<pread  n-ith  flight  tension 
on  a  suitable  wax  plate  and  fixed  in  10%  formalin.  The  following  day  they 
arc  placed  in  5%  formalin  and  then  arc  divided  into  transverse  and  longi- 
tudinal scctionB  on  the  freezing  microtome.  Tlie  sections  are  stained  in 
cr.^vl   \h,],-t   (i>.  G'i)   ;in,l  niaunU-,1  in  Ifvnlos,.'. 
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selves  by  their  deep  red  color  from  the  light  red  connective  tissue;  in  thick 
sections  they  can  be  traced  for  long  distances. 

There  are  other  structures  of  interest  found  in  the  perimysium  internum. 
We  find  small,  completely  round,  hollow  spaces,  surrounded  by  a  distinct 
capsule,  enclosing  in  their  interior  several  transverse  sections  of  muscle  and 
nerve-fibres,  which,  however,  do  not  occupy  the  hollow  space  completely. 
Very  often  the  spaces  are  absolutely  empty.  In  those  cases  the  contents 
have  fallen  out.  Very  interesting  formations  present  themselves  in  the 
so-called  maic/e  spindles  (msp).  They  are  present  in  small  amounts  in 
all  skeleton  muscles,  but  they  are  wanting  in  the  ocular  muscles  of  man  and 
many  animals.  In  the  sheep  they  are  found  in  large  amounts  in  the  muscles 
of  the  eye.  The  structure  of  these  interesting  features  are  better  illustrated 
in  the  longitudinal  than  the  transverse  section. 


Fig.  160. — Longitudinal  Section  through  the  Superior  Rectus 

of  the  Sheep 


145.     %.     Frozen  section.     Cresyl  violet. 

Muscle  Spirifilen. 

Thin  longitudinal  sections  through  the  muscle  immediately  present  the 
spindles.  We  can  trace  them  for  a  long  distance,  since  they  attain  a  length 
of  over  10  mm.  Each  spindle  during  its  course  shows  one  or  more  enlarge- 
ments and  is  surrounded  by  the  spindle^heathp  which  is  lamellar  in  struc- 
ture, as  we  can  see  in  the  cross-section  better  than  in  the  longitudinal 
section.  Fibroblasts  are  scattered  between  the  connective  tissue  lamellae. 
Externally  the  sheath  is  continuous  with  the  perimysium  internum.  Inter- 
nally a  continuous  layer  of  branching  fibroblasts  forms  a  layer,  their  pro- 
cesses anastomosing  within  the  interior  of  the  spindle.  The  muscular  fibres 
(ntj)  run  along  the  axis  of  the  spindle,  entering  and  leaving  the  spindle  in 
different  numbers.  They  do  not  always  leave  and  enter  at  the  extremities, 
but,  especially  in  spindles,  having  several  enlargements,  they  may  enter 
and  leave  at  the  sides.  The  fibres  show  a  very  characteristic  arrangement 
within  the  spindle.  They  branch  and  anastomose,  forming  a  muscuhtr 
flBtWOrk  within  the  spindle.  The  fibres  composing  the  net  are  very  narrow ; 
at  one  place  we  find  closely  packed,  globular  or  slightly  compressed  vesicles 
(W)  deposited,  which  seem  to  be  altered  muscle  nuclei.  More  or  less,  at 
least  two,  medullated  nen'e-fibres  (n)  enter  each  spindle,  sensory  and  motor 
in  character,  forming  their  characteristic  endings.  In  all  probability  the 
interior  of  the  spindle  is  filled  with  an  albuminous  fluid.  The  physiological 
significance  of  these  spindles  is  still  in  question;  it  is  probable,  however,  that 
they  are  important  percept ory  end-organs. 
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PLATE  69 

Fig.  161. — Nerve-Ending  in  the  Muscles  of  the  Common  Euro* 

pean  Viper  (Tropidonotus  Natrix) 


Fig.   161. — Nerve-Ending  in  the  Muscles  of  the  Common   Euro- 
pean Viper  (Tropidonotus  Natrix) 

62.     34.     Gold  chloridr.     Fomiic  acid. 


In  order  to  gpt  nn  idea  of  the  niiinrifr  and  furiri  of  tlit  nerve-endings  in 
tin-  striated  muscles,  it  becomes  iietewsttry  to  select  short  as  well  h»  very 
thill  flat  and  therefore  transparent  muscles,  Of  the  small  mamimilia  we 
may  use  the  oculnr  muscles,  the  diaphragm  and  the  intercostal  muscWs,  but 
still  better  results  are  obtained  with  certain  muMcles  of  snakes,  which  an* 
prepared  in  the  following  manner:  A  decapitate^],  large  viper  is  cut  with 
the  bone  forceps  into  several  pieces,  each  about  10  cm  in  length.  One  Huch 
segment  is  placed  upon  its  belly-surface  in  a  wax-  or  paraffin-lined  glafia 
dish  (photographic  trays,  9X12,  arc  very  suitable),  and  the  skin  of  the 
hark  is  split  in  the  median  line.  After  dividing  the  fascia,  the  skin  can  be 
stripped  down  on  either  side  and  is  spread  and  fastened  on  the  wax  floor. 
We  will  now  notice  on  both  Hides  a  row  of  closely  approximated  smalt  mu** 
cles,  80-80  mm  in  length,  which  arise  from  the  transverse  processes,  running 
obliquely  toward  the  abdominal  integument.  Due  to  our  method  of  prepn- 
l^ation,  they  are  very  much  stretched,  and  we  are  able  to  distinctly  rcco^fni/e 
thin  nerve-trunks,  which  enter  and  cross  through  the  muscles.  At  their 
origin  the  muscles  are  approximately  cylindrical,  but  they  become  broader 
and  thinner  as  they  approach  their  insertion,  finally  entering  the  skin  in 
parallel  fibres. 

The  vital  methylene  as  well  as  the  gold  method  of  staining  arc  excellent 
fi>r  the  demonstration  of  the  nerves.  We  select  the  gilding  process.  Pri- 
marily the  specimen  is  submerged  in  100-200  cm^  of  a  25-30%  solution  of 
formic  acid,  which  is  allowed  to  act  for  fifteen  to  twenty  minutes.  During 
that  time  we  seek  to  remove  the  connective  tissue,  separating  the  muscles, 
and  the  air-bubbles  contained  therein,  by  the  aid  of  a  blunt  glass  needle. 
The  formic  acid  is  now  decanted  and  substituted  by  tlie  gold  solution — 
200  cnr'  of  a  0.2.5-0..50%  solution  of  gold  chloride  will  suffice.  By  moving 
the  vessel  we  make  sure  that  every  part  of  the  specimen  is 
the  solution  and,  after  covering  the  vi'ssel,  we  leave  the  .speein 
The  excess  solution  of  gold  is  removed  by  thoroughly  riri 
and  -^00  cm''  of  'i^V'  formic  acid  are  substituted,  where 
remains  overnight  in  the  dark.  The  next  morning  the  spec: 
dark  brownish  violet;  it  is  now  placed  in  a  mixture  of  2  parts  of  2.5%'  for- 
mic acid  and  1  part  of  glycerin.  The  following  day  we  use  equal  parts  of 
glycerin  and  water,  the  next  day  one  part  of  water  to  two  parts  of  glycerin, 
aTtd  finally  pure  glycerin.  To  prepare  a  specimen,  wi'  separate  with  the  aid 
of  scissors  one  mu"sele  in  its  entire  length.  The  su|iertluini<  glveerin  is  al- 
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lowed  to  drop  off  and  the  muscle  spread  evenly  on  a  cover-glass  and  mounted 
in  levulose.  In  order  to  obtain  a  nicely  spread  and  thin  specimen,  we  place 
a  lead  ball  on  the  cover-glass,  which  is  left  until  the  following  day,  when  the 
cover-glass  is  surrounded  with  a  border  of  covel^glass  cement  (p.  77). 

Disirthuiion  and  Ending   of 
the  Nerves  within  the  Muscle. 

Our  specimen  gives  a  plain  view  of  the  course  and  the  ending  of  the 
nerves  in  the  muscle,  and  besides  furnishes  a  good  picture  of  the  muscular 
structure.  Our  picture  shows  the  ending  of  a  nerve-trunk,  after  entering  a 
muscle.  It  gives  off  lateral  branches  and  finally  breaks  up  in  terminal 
branches.  Each  nerve-fibre,  after  a  shorter  or  longer  course,  enters  a  mus- 
cular fibre,  where  it  ends  in  a  motor  €nd*pUit€.  The  latter  are  seen 
partly  in  surface,  partly  in  profile  view.  We  are  able  to  ascertain  that  each 
muscle  fibre  is  provided  with  only  one  motor  end-plate. 

Aside  from  the  motor  endings,  our  specimen  also  presents  sensory  end- 
ings, which  have  been  termed  mUMcle  Mpindles  (m«p),  althou^  their 
structure  has  nothing  in  common  with  the  homonymous  formations  of  the 
mammalia.  These  endings  are  only  found  in  very  thin  muscular  fibres.  The 
nerve-fibre  breaks  up  into  delicate  threads,  which  surround  the  muscle  fibre 
for  a  long  distance,  being  studded  with  platelike  enlargements. 


PLATE  70 


Fig.  162. — Motor  End-Plates  from  a  Muscle  of  the  Viper 


Fig.  162.— Motor  End-Plates  from  a  Muscle  of  the  Viper 
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600.     %.     Gold  chlorklf.     Formic  acid. 
SiructurB  of  the 
Motor  End-Plates. 

A  favorable  field  Is  selected  from  the  preceding  specimen  and  st' 
under  high  power.  Three  muscle  fibres,  each  supplied  with  li  motor  enil- 
plate,  appear  in  the  field.  Of  the  latter  we  find  the  middle  one  in  faco  view, 
the  lower  in  complete  and  the  upper  one  in  partial  lateral  view.  A  sepnrutc 
nerve-fihrc  leads  to  each  end- pi  ate.  Their  axis-cylinder  appears  almost 
black,  but  shows  a  very  indistinct  fibrillation.  The  medullary  sheath  reiniun* 
unstained,  but  the  sheath  of  Schwann,  with  its  numerous  nuclei,  has  taken  a 
distinct  light  brown  color  and  appears  swollen  in  some  places.  .The  ner^e- 
fibres  are  frequently  accompanied  by  pigment  cells,  one  of  which  can  be  seca 
at  the  upper  extremity. 

When  nearing  its  end-plate,  the  nerve-fibre  undergoes  striking  chants. 
The  axis-cylinder  becomes  considerably  thinner  and  frequently,  not  aIwat^. 
divides  into  two  terminal  branches.  The  medullary  sheath  disappears,  and 
the  sheath  of  Schwann  becomes  closely  approximated  to  the  axis-cylinder. 
On  entering  the  end-plate  the  sheath  of  Schwann  is  lost,  i.e.,  it  becomes  con- 
tinuous with  the  substance  of  the'  end-glate.  The  latter  consists  of  two 
parts,  corresponding  to  the  terminal  branches  of  the  axis-cylinder,  the  so- 
called  deer'i  antlers,  and  a  nucleated,  protoplasmatic  mass,  containing  the 
former,  the  granulosa  or  sole-plate.  The  end  branches  of  tiie  axis-cylin- 
der show  the  most  difli'eront  forms  and  types,  very  often  presenting  a  frap- 
pant  similarity  to  a  stag's  antlers.  The  main  dimensions  are  in  a  plane, 
however,  the  side  view  proves,  that  some  nodular  processes  leave  the  different 
horns  and  pierce  into  the  depth  of  the  solo-plate.  The  granulosa  is  simply 
a  mass  of  nuclear  sarcoplasm,  surrounding  the  antlers  and  the  numerous 
processes  thereof.  Below  it  borders  on  the  muscular  columns,  becoming  con- 
tinuous with  the  sarcoplasm-septa,  dividing  the  columns;  it  never  extends  be- 
yond the  terminal  processes  of  the  antlers.  The  nuclei  arc  more  rounded 
than  the  nuclei  of  the  sarcoplasm  proper.  Externally  the  sole-plate  is 
bounded  by  the  sarcolemma,  respectively  the  sheaths  of  Schwann  of  the  ner\-e- 
fibres.  which  blend  with  the  sarcolemma. 
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PLATE  71 

Fig.  163. — Sensory  Nerve  Endings  on  the  Fibres  of  the  Superior 

Rectus  Oculi  of  the  Shtep 

Fig.  164. — Nerve  Endings  in  the  Tendon  of  the  Superior  Rectus 

Oculi  of  the  Sheep 

Fig.  16S. — ^Transverse  Section  through  a  Small  ftranch  of  the 

Oculomotor  Nerve  of  the  Sheep 


Fiff.  163. — Sentory  Nerve  Endings  on  the  Fibre*  of  the  Superior 
Rectus  Oculi  of  the  Sheep 


14fi.     %.     ViUl  iiiotliylfim  blu. 


ning. 


s  mentioned  Above,  the  vital  methylene  blue  staining  process  furnishes  very 
[ood   demonstrations   of   tlic   nerve   endings    in    muscle,    bi'ing   the    method    of 

Bchoice   for  the   staining  of  sensory   nerve   endings,   in  preference    to    gilding. 

^  Any  larger  animal — rabbit,  cat,  etc. — may  be  used  for  this  purpose,  the  injec- 
tion taking  place  in  the  manner  described  on  p.  60.  About  half  an  hour 
after  the  injection  the  cranium  is  opened  and,  after  removing  the  roof  of  tlie 
orbit,  the  different  ocular  muscles  arc  excised  and  spread  on  wax  plat.os,  A 
correspondingly  large  window  is  cut  from  the  wax  plate  from  below,  and  the 
eipecimen  placed  in  a  nioiat  chamber.  Every  ten  to  fifteen  minutes  we  control 
the  progress  of  the  staining,  which  should  have  attained  its  maximum  inten- 
dity  after  one  to  two  hours.  After  that  we  fix  in  a  10%  solution  of  ammo- 
nium molybdate  (p.  62)  overnight,  wash  in  running  water  for  two  hours,  and, 
after  dehydrating  in  cold  alcohol  for  several  hours,  transfer  to  xylol.  While 
in  the  95%  alcohol  the  specimen  is  taken  from  the  wax  plate.  The  muscles, 
eMpecially  in  their  distal  parts,  become  so  transparent  that  the  entire  as  well 
as  smiltcr  pieces  of  the  muscle  can  bv  mounted  in  Canada  balsam. 

Ending  of  iJie   Sensory 

Nerr^x  ii,   Jtusch: 

Aside  fnmi  innumerable  motor  end-plates,  located  in  the  proximal  thicker 
parts  of  tlie  muscle,  we  find  the  sunsory  nurvfs  winding  around  the  iniiscuiar 
fibres  for  long  distances  in  spiral  fashion.  Not  infrequently  they  divide,  and 
now  and  then  give  off  smull  si«Ie  bn.nclu-s,  wliieh,  studded  with  buttonlike  cn- 
]tirg<->ments,  end  in  the  [iiuscie  fibre  after  a  .short  course. 


Fig.  164. — Nerve  Endings  in  the  Tendon  of  the  Superior  Rectus 
Oculi  of  the  Sheep 


Vital  inelhvl.ne  blu. 


j;,lai;(,"    !M,rcrn   Mi.'.rtr 
a,„l  r.-.ulun   Fihr.'.'^. 

The  previous  specimens  also  give  u,s  an  opportunitv  to  become  acquainted 
with  the  relation  belween  muscle  {m)  and  tendon  (.v)  fibres.  The  muscle  fibres 
stain  w<ukly  «lth  the  vital  process,  bill  slill  MLffiriently  to  bring  out  their 
transverse  striution  very  distinctly.  We  notice  how  each  muscle  fibre  ends  in 
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a  conical  point  and  how  the  tendon  fibrils  surround  this  conical  end  on  all 
sides,  being  tightly  cemented  to  the  sarcolemma. 

Ending  of  the  Sensory  Nerves 
in  the  Tendon. 

In  the  tendons  we  find  nerve-endings,  which  are,  of  course,  sensory.  Our 
specimen  shows  one  of  these  nerve-endings  in  a  tendon.  Two  nerve-fibres 
enter  into  the  formation  of  the  same;  giving  off  numerous  branches,  they 
finally  break  up  into  minute  threads,  which  pierce  between  the  tendon  fibrils. 
The  formations  have  been  called  GolgVs  bodies  after  their  discoverer. 


7.  THE   ORGANS  OF  THE    NERVOUS   SYSTEM 

Fig.  16S. — ^Trans verse  Section  through  a  Small  Branch  of  the 

Oculomotor  Nerve  of  the  Sheep 

280.      Fresh   frozen   section.      Ha^maluni. 

The  meduUated  nerve-fibres,  such  as  we  have  mot  before,  in  the  simplest 
case  unite  to  form  small  bundles,  small  nerves*  To  study  the  structure  of 
such  a  small  nerve,  we  make  thick  cross-sections  of  a  fresh  ocular  muscle 
with  the  freezing  microtome.  The  sections  are  primarily  placed  in  Ringer*s 
fluid  (p.  25),  then  stained  for  fifteen  to  thirty  minutes  in  hiemalum  (p.  56), 
washed  in  tap-water,  and  dehydrated  in  alcohol.  The  dehydration  must  be 
conducted  very  cautiously.  The  sections  are  fished  from  the  water  with  a 
slide,  and  50,  70  and  finally  95%  alcohol  is  dropped  on  them;  the  sections, 
now  hard,  are  then  placed  in  a  vessel  containing  absolute  alcohol.  The  latter 
will  render  them  free  from  water  in  a  few  minutes,  so  that  they  may  be 
treated  in  xylol  and  mounted  in  (^anada  balsam. 

Structure  of  a 
Small  Ncrvf*  Bundle. 

Our  figure  shows  a  small  nerve.  We  immediately  notice  the  extremely 
variable  thickness  of  the  single  nerve^/ibres*  The  OxiB^cylindeT  appears 
in  each  fibre  as  a  deep  blue,  round,  centrally  situated,  cross-section.  In  the 
smallest  fibres  it  may  appear  as  a  mere  dot.  It  is  surrounded  by  an  un- 
stained or  at  least  very  weakly  stained  ring,  the  medullary  sheuthm  The 
latter  is  surrounded  by  a  deep  blue  circle,  in  which  we  frequently  see  a  nu- 
cleus, placed  like  a  stone  in  a  signet-ring.  This  is  the  sheoth  of  SchuHMtlfl 
{sk)  with  its  nuclei.  Between  the  fibres  we  also  notice  nuclei  {ek)y  which  be- 
long to  connective  tissue,  unstained  in  our  s{>ecimen,  which  fills  out  all  the 
space  between  the  nerve-fibres  and  has  been  termed  the  endoneurium. 
This  endoneurium  also  forms  a  separate  sheath  around  each  nerve- fib  re,  the 
endoneural  sheath,  which  is  not  visible  either  in  our  specimen.  Going 
from  without  inward,  we  thus  have  in  each  peripheral  ner\'e-fibre  first  the  con- 
nective tissue  endoneural  sheath,  then  the  sheath  of  Schwann^  followed  by  the 


medullar;  sheath  and  finall;  tho  axis-cylinder.  On  the  periphery  of  each 
such  ncrve-bundle  the  c-ndoneuriuni  condenses  to  fonn  an  outer  covering,  th* 
perinairtd  aheath  (p*)-  In  the  Utter  the  connective  tissue  fibres  hnve  ar- 
ranged themselves  in  concentric  lamcllre  and  are  mixed  with  elastic  fibres. 
Between  the  lamclliE  we  find  flat  connective  tissue  cells,  which  externally  forni 
a  sort  of  epithelial  covering,  separating  the  ner^'e-bundle  from  its  sur- 
roundings. 
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PLATE  72 

Fig.  166. — ^Transverse  Section  through  the  Great  Sciatic  Nerve 

of  Man 


Ftg.   166. — Transverte  Section  through  the  Great  Sciatic 

of  Man 


Yorm&\in-Mu£lfer's    fluid.      Sodiu 
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A  piece  of  the  sciatic  nerve,  several  centimetres  in  length,  is  excised  fro 
a  fresh  human  body,  fastened  on  a.  wax  plate  at  both  ends  under  slight  tci 
sion,  and  fixed  in  formalin->/«rfZer'*  fluid  (p.  34)  for  twenty-four  hours.  Tl 
next  day  the  specimen  is  placed  in  repeatedly  changed  pure  Mtteller's  &Uh 
where  it  remains  for  ten  to  fourteen  days.  After  this  time  the  nerve  is  Qut  in* 
pieces,  0.5  cm  in  length;  these  are  washed  superficially  in  water  and  stnint 
in  a  2%  solution  of  sodium  carminate.  After  being  rinsed  in  water  tl 
pieces  arc  dehydrated  in  alcohol,  treated  in  xylol  and  embedded  in  pariiffii 
Paraflin  sections,  10-15  i*  thick,  are  counterstalncd  in  picroindigcamiin  (| 
67)  for  ten  minutes,  washed  in  70%  alcohol,  dehydrated  and  mounted  i 
balsam. 

Sirurlure  of  a  Large  Nerve. 

Our  specimen  demonstrates  how  each  large  nerve  consists  of  larger  an 
smaller  nerve-bundles,  each  of  which  has  the  same  structure  as  a  small  ncrvi 
Our  picture  shows  each  bundle  surrounded  by  a  green  perinearal  ahettti 

(ps),  containing  within  the  nerve-tibres,  each  of  the  latter  being  enclose 
in  nil  endoneurium  (<•")■  'I'ln'  fihrts  in  turn  jippenr  subdivided  into  bur 
dies  by  endoneural  septa.  The  latter  Ijear  the  larger  blood-vessels,  givin 
off  branches,  which  encircle  the  individual  nerve-fibres.  The  axis-cylinder 
of  the  nerve-fibres  have  been  stained  red  in  our  specimen  by  the  sodium  car 
minate. 

The  bundles  composing  the  ner\'e  are  surrounded  and  held  together  b 
loose  connective  tissue,  which  also  surrounds  the  nerve-trunk  on  all  sidi 
connecting  it  to  the  surrounding  tissues.  This  epineurium  (fp)  is  mostl 
rich  in  fat  (/)  and  harbors  the  large  blood-supply  (a  and  v)  of  the  n 
In  our  specimen  its  purely  blue  color  differentiates  it  well  from  the  greei 
perineural  sheath. 
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PLATE  73 

Fig.  167. — Transverse  Section  through  the  Human  Cervical 
Spinal  Cord  at  the  Height  of  the  IV.  Cervical  Segment 


Fig.  167. — Transverse  Section  through  the  Human  Cervical 
Spinal  Cord  at  the  Height  of  the  IV.  Cervical  Segment 

12.     Formalin-ifeftt^H^r'*  fluid.     Celloidin  section.     Medullary-sheath-. 

staining. 

Technique  of  the  Staining 
of  the  Medullary  Sheath. 

For  a  general  view  of  the  structure  of  the  spinal  cord  those  sections  are 
most  suitable  in  which  a  distinct  color  has  been  imparted  to  the  medullated 
fibres.  In  addition  to  the  staining  of  the  medullary  sheath  we  may  insti- 
tute a  suitable  cell-staining  process.  The  entire,  fairly  complicated  procedure 
is  as  follows.  The  spinal  cord  from  a  fresh  human  body  is  divided  with  a 
sharp  razor  into  segments,  each  of  which  includes  the  origin  of  a  spinal 
nerve,  care  being  taken  not  to  compress  the  cord.  The  sacral  portion  with 
the  conus  medullaris  remains  intact.  The  pieces  are  fixed  in  10%  formalin 
for  two  days,  washed  in  running  water  for  several  hours,  and  transferred  to 
a  large  quantity  of  repeatedly  changed  Mueller^ 8  fluid  (p.  81)  for  two  to 
three  weeks.  After  washing  in  running  water  for  one  to  two  hours,  we  de- 
hydrate in  increasing  grades  of  alcohol  in  the  (lark.  From  the  absolute 
alcohol  the  pieces  are  transferred,  also  in  the  dark,  to  a  mixture  of  equal 
parts  of  absolute  alcohol  and  ether,  where  they  remain  for  twenty-four 
hours.  From  there  they  go  for  fourteen  days  each  to  celloidin  I,  celloidin 
II  and  celloidin  stock  solution  (p.  46)  in  well-closed  glasses.  Now  they  are 
mounted  on  stabilit  blocks  (p.  47)  and  kept  in  80%  alcohol.  In  making  the 
sections,  our  aim  is  not  so  much  to  obtain  thin,  but  immaculate  sections — 
15-30  pt  is  a  very  suitable  thickness  for  our  purpose. 

Since  the  amount  of  chrome  salts  in  our  sections  has  been  materially  re- 
duced by  the  prolonged  action  of  alcohol  and  celloidin,  and  as  these  salts 
are  prerequisites  for  our  success  in  staining,  we  transfer  the  sections  from 
the  alcohol  first  to  water  and  then  once  more  for  one  to  two  days  to  Muel- 
ler'* s  fluid,  to  which  we  add  chromic  acid  at  the  rate  of  1-2  cm^  of  a  1% 
solution  to  each  100  cm^  of  Miieller's  fluid.  The  chromic  sections  are  now 
briefly  rinsed  in  water  and  placed  in  a  1%  watery  solution  of  haematoxylin. 
This  is  conducive  to  the  formation  of  a  chrome  ha?matoxylin  lake  witliin 
twenty-four  hours.  After  rinsing  the  black  sections  briefly  in  water,  we 
transfer  them  to  a  1%  solution  of  lithium  carbonate.  The  black  color  will 
now  change  to  a  deep  blue,  large  amounts  of  color  being  given  off.  The 
lithium  solution  is  changed,  until  no  more  color  clouds  are  formed.  After 
rinsing  in  water  we  may  start  to  differentiate.  For  this  purpose  we  use 
two  solutions,  a  0.25%  solution  of  potassium  permanganate  and  a  thin  solu- 
tion of  sulphurous  acid,  which  we  can  make  by  mixing  equal  parts  of  a  1% 
potassium  sulphite  and  a  1%  oxalic  acid  solutions.     The  differentiation  takes 

294 


^■^■^ 


S95 

place  in  large  watch  glasses,  three  of  witich  are  placed  in  a  row.  The  first 
{contains  the  pennangiinate  solution,  the  others  are  filled  with  the  sulphurous 
acid.  Bcaidoa  these  we  have  large  vessels  full  of  water.  With  a  spatula  we 
place  a  single  section  in  the  first  glass  for  a  few  seconds,  then  in  the  sec- 
ond and,  after  differentiation  has  started,  in  the  third.  The  differentiation 
is  to  be  discontinued  when  the  gray  matter  has  taken  on  a  light  grayish- 
blue  hue,  differing  sharply  from  the  dark  blue  medullary  coat,  and  we  are 
able  to  perceive  the  almost  colorless  glia-shenth  surrounding  the  latter  in  a 
thin  layer.  When  this  effect  has  bi-en  produced  we  place  the  section  in 
water;  if  the  latter  is  too  dark,  we  replace  it  in  the  first  glass  and  put  it 
through  the  differentiation  process  once  more.  It  is  important  that  after 
the  differentiation  the  sections  should  be  washed  in  repeatedly  changed 
water,  or,  better  still,  in  rtinning  water  overnight.  The  following  day  we 
stain  five  to  ten  minutes  in  picrocarmin  {p.  67),  followed  by  dehydration. 
The  sections  only  go  as  far  as  the  95%  iilcohul,  when  tl»y  are  taken  out 
and  placed  successively  in  carbolxylol  and  xylol  (p.  78)  and  niminted  in 
Canada  balsam.  In  order  to  have  n  nieely  spread  specimen,  we  place  a 
suitable  lead  bull  on  tlie  cover-glass  during  the  first  day. 

Oi-ni-ral  Vii-w  of  Ihr  Structure 
of   th.-   Spinal    Cord. 

To  gain  it  general  view  of  the  structure  of  the  spinal  cord,  we  select  a 
section  from  the  fourth  cervical  segment,  which  we  study  under  very  low 
power  (objective  1  a).  Externally  the  section  is  surrounded  by  the  yellow- 
ish-red glia  capsule  (glh);  covering  both  spinal  hemispheres,  it  enters 
the  anterior  longitudinal  fissure,  sulcus  longitudinnlis  vtntrnlis  [vlf). 
fills  the  narrow  posterior  longitudinal  fissure,  sulcus  longitudinal  is 
dorsalis  (dlf)  almost  entirely,  imd  from  there,  as  septum  longitudinale 
dorsale,  divides  the  two  halves  of  the  cord  in  sagittal  direction,  so  that 
they  arc  only  connected  by  a  small  bridge.  Furthermore,  this  capsule  sends 
branching  and  anastomosing  septa  into  the  white  matter,  dividing  its  mass 
of  fibres  into  numerous  larger  or  smaller  bundles.  Of  these  septa  the  sep- 
tum paramedianum  ('P'»)t  tocoted  laterally  to  the  posterior  longitu- 
dinal septum,  is  of  special  importance. 

The  white  medullary  coat,  enclosing  the  gray  matter,  thus  appears  com- 
pletely divided  into  two  halves.  Each  of  these  can  be  sul>divided  into  three 
incompletely  separated  regions,  called  tracts,  an  anterior  tract,  a  lateroi 
tract  and  a  posterior  tract.  The  wedge-shajH-d  posterior  tract,  funicu- 
lus posterior  [pfter),  is  bounded  in  the  median  line  by  the  posterior  lon- 
gitudinal septum,  laterally  by  the  tapering  posterior  extremity  of  the  gray 
matter  and  the  adjoining  posterior  root.  Tlif  •eptuin  pnramedianum 
separates  it  incompletely  in  a  median  division,  Goll's  tract,  funiculus 
gracilis  igiilr).  and  a  lateral  portion,  Burdach's  column,  funiculus 
cuneatus   {bttr). 

In  the  region  of  the  posterior  root,  the  so-called  Lissixuer'M  marginal 
tract  I?'";),  the  posterior  tract  merges  into  the  lateral  tract,  which  occu- 
pies the  largest  part  of  the  white  medullary  matter.  Vcntrally  it  has  no 
definite  boundary,  Init   in  the  region  of  the  anterior  root   {^fp)t   composed 


of  thin  bundles,  it  merges  into  the  anterior  tract,  wliich  extends   to    (hL-   bd- 
teriur  median  fissure. 

The  grav  substance  forms  with  its  two  halves  and  the  commissurp,  con- 
necting them,  the  well-known  but terflj'- shape.  Each  half  consists  of  an 
anterior  horn  (rA),  a  lateral  horn  i*h),  a  potterior  horn  (AA)  and 
iin  intermediate  zone  (tmz),  connecting  the  two  former  with  the  lattt?r. 
The  anterior  horn  e\tends  into  the  anterior  columns  with  two  processes,  the 
processus  ventralis  medialis  and  lateralis  (pi^m  and  pii),  being  continuous 
laterally  with  the  lateral  horn;  the  latter  extends  far  into  the  lateral  tmct- 
Ketween  lateral  and  posterior  horn  the  lateral  tract  crowds  against  the 
gray  matter,  forming  the  so-called  lateral  tract  angle,  in  which  the  white 
substance  blends  with  the  gray  matter  in  a  manner  that  the  latter  becomes 
arranged  in  a  network,  the  proceSMUS  reticularis  (pr).  The  posterior 
horn  arises  with  a  broad  base  {hhl^)  from  the  intennediate  zone,  bocomex 
narrower  for  a  distance  (AAft),  forming  a  neck,  and  finally  enlarges  to  form 
the  head  of  the  posterior  horn  (AAA),  which  dorsally  ends  by  a  rounded  ex- 
tremity. The  latter  is  dorsally  envelope<l  by  the  substantia  gelattnosa 
Rolandi  (^gr),  appearing  yellowish-red  in  our  specimen.  Farther  back- 
ward the  posterior  horn  comes  to  an  apex  (ap)  in  Lissauer^s  tracts  thus 
it  does  not  reach  the  periphery  of  the  cord. 

The  conmiissure  connecting  the  two  halves  of  the  spinal  cord  encloses 
the  central  canal  (ck).  It  lies  slightly  nearer  to  the  ventral  extremity 
of  the  posterior  longitudinal  septum  than  to  the  floor  of  the  anterior  fissure, 
dividing  the  commissure  into  a  large  ventral  and  a  small  dorsal  half,  In 
each  half  we  can  distinguish  a  portion  of  gray  matter,  stained  yellow,  near 
the  central  canal,  the  commiasura  grisea  ventralis  and  dorsalis,  and  a  white 
portion,  stained  dark  blue,  near  the  floor  of  the  anterior  fissure,  respectivclv 
the  posterior  longitudinal  septum,  the  commissura  alba  ventralis,  respectively 
dorsalis.  To  the  sides  of  the  central  canal,  where  the  commissure  merges 
into  the  intermediate  zone,  we  see  two  transverse  sections  of  large  blood- 
Even  with  this  low  power  wo  can  discern  two  groups  of  cells  of  the  gray 
matter.  The  processus  ventralis  lateralis  as  well  as  the  processus  ventralis 
inedialis  contain  a  group  of  large  nerve-cells,  the  anterior  lateral  and  the 
anterior  median  group  of  cells.  Continuous  with  the  latter,  toward 
the  commissure  and  closely  approximated  to  the  anterior  tract,  we  find  the 
posterior  median  group  of  cells.  Laterally  a  posterior  lateral  cell- 
group  brings  us  to  the  large  cells  of  the  lateral  horn.  In  the  interior  of 
the  anterior  horn  we  find,  aside  from  numerous  scattered  cells,  the  well- 
defined  central  group.  The  cells  of  the  posterior  horn  are  too  small  to 
appear  distinct. 


PLATE  74 

Fig.  168. — Transverse  Section  through  the  Human  Spinal  Cord 

at  the  Height  of  the  VIIL  Dorsal  Segment 

Fig.  169. — ^Transverse  Section  through  the  Human  Spinal  Cord 

at  the  Height  of  the  III.  Lumbar  Segment 


Ftg.  1GB. — Transverse  Section  through  the  Human  Spinal  Cord 
at  the  Height  of  the  VIll.  Dorsal  Segment 

12.      Fonnalin,      Mueller's   fluid,      t'c-lloidiii  ti^cliuii.      Medullary    sheath- 
.^taining. 
Changm   in   the   Dorsal   Cord. 

We  will  now  i-ndcuvor  to  study  the  changes  in  the  spinal  cord,  tnking 
place  at  tlie  different  heights,  scliicting  first  a  section  of  the  dorsal  cord. 
Aside  fntm  a  material  reduction  in  size  of  the  entire  cross- sect  ion  Wf  find 
sevtrftl  I'hangctt  in  form.  While  in  the  preceding  section  the  transverse 
diameter  was  considernbly  larger  than  the  do rso- ventral,  we  find  both  to  he 
aliout  equal,  so  that  the  previous  ellipse  has  changed  to  a  circle.  The  most 
Htriking  change  has  taken  place  in  the  gray  matter;  it  has  absolutely  nnd 
relatively,  i.e.,  in  propoi"tion  to  the  white  matter,  decreased  in  size  and 
adopted  an  essentially  different  form.  The  lateral  horn  has  noticcabiy  re- 
ceded, accompanied  by  a  reduction  in  size  of  the  processus  reticularis.  The 
anterior  horn  has  changed  its  club-shape  to  a  rectangular  form,  the  num- 
l»er  of  its  cells  appears  diminished.  On  the  other  hand,  we  notice  a  very 
distinct  round  group  of  cells,  located  laterally  and  slightly  dorsally  of  the 
central  canal,  culled  Clarke's  column  ('''<)■  It  also  appears  in  the  cer- 
vical cord,  but  not  very  markedly.  The  commissure  in  short  and  relatively 
broad.  The  posterior  horn  is  extraordinarily  slender,  its  body  hardly  dif- 
fering from  the  neck.  The  glia  or  neurogliar  capsule  of  the  cord  is  ex- 
tremely tJiin  in  this  section  ;  tlie  sulcus  paramedianus  of  the  posterior  cir- 
cumference has   disappeared. 


Fig.   169. — Transverse  Section  through  the  Human  Spinal  Cord 
at  the  Height  of  the  III.  Lumbar  Segment. 
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rha,i,,^s  ;„   Ihe  l.umhur  Cor.l. 

In  Ihe  luiulji.r  cord  tlie  eross-M'ction  api>r();.eli,-s  the  oval  form  again, 
th<  tL■.ln^-v,■rse  diameter  exceeding  t)ie  d.Ji'soventrai.  The  surface-area  of 
the  lumbar  enlargement  is  slightly  [arjrer  than  that  of  the  dorsal  cord.  The 
gray  iimtter  has  become  tiiriee  us  extensive,  so  that  its  proportion  to  the 
white  matter  has  gained.  If  the  difTerent  segments  of  the  spinal  cord  are 
compiiriil  in  this  resjx-ct,  we  notice  that  the  surface  area  of  the  white  mat- 
proportionate  to  tile  si/e  of  the  cross-section,  reaching  its 
he  cervical  enlargement  :  later  it  decrenses,  first  abruptly,'  then 
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gradually  up  to  the  end  of  the  dorsal  cord;  in  the  lumbar  enlargement  it 
increases  again,  without  regaining  the  size  of  the  cervical  enlargement, 
slowly  decreasing  once  more  in  the  sacral  cord.  The  gray  matter  acts  dif- 
ferently, it  increases  in  the  cervical  enlargement,  soon  to  decrease  again,  but 
thereafter  steadily  increases  in  the  dorsal  and  lumbar  cord,  reaching  its 
greatest  dimensions  below  the  lumbar  enlargement;  in  the  sacral  cord  it 
slowly  decreases. 

The  shape  of  the  anterior  horn  is  more  rounded,  the  processus  ventrales 
are  not  prominent,  the  lateral  horn  is  less  conspicuous,  but  the  posterior 
horn  is  well  differentiated,  its  head  is  well  developed  and  invaginated  by  the 
strong  substantia  gelatinosa  Holandh  which  in  this  region  reaches  about  its 
maximum,  advancing  almost  to  the  dorsal  circumference  of  the  cord,  being 
separated  from  it  only  by  a  very  narrow  zone  of  Lissauer^s  tract. 

The  various  groups  of  cells  of  the  anterior  horn  are  very  distinct; 
Clcarke^M  column  also  is  easily  recognized,  although  containing  but  few 
cells.  In  the  left  half  of  the  cross-section,  emerging  from  darkens  column,, 
we  see  a  bundle  of  medullated  fibres,  crossing  the  intermediate  zone  and  the 
lateral  horn,  called  the  bundle  of  Flechsig.  More  or  less  thick  bundles 
of  medullated  nerve-fibres  radiate  into  the  gray  matter  from  all  sides,  espe- 
cially at  the  posterior  horn.  Here  they  enter  from  the  posterior  tracts, 
partially  cross  the  substantia  gelatinosa  Holandi^  and  pierce  deeply  into  the 
anterior  horn.  Other  bundles  come  from  the  anterior  and  lateral  tracts  and 
enter  the  anterior  horn. 
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PLATE  75 

Fig«  170« — ^Transverse  Section  through  the  Base  of  the  Human 
Brain  at  the  Height  of  the  Pjrramidal  Crossing 

Fig«  171. — ^Transverse  Section  through  the  Base  of  the  Human 
Brain  at  the  Hei|^t  of  the  Lemniscal  Crossing 


Fif.  17a— TransTcne  Section  tbroo^  ^e  Bwe  of  dw  Hoowb 
Brain  at  the  Hei^t  of  tbe  Pyrmnndal  Cra—tng 
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IS.      PonnAlfD.      J^»gBrr't    (laid.      CrlluMlm    w«(iod.      Staimng    of    tfa* 
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A  few  tcctioM  throogfa  the  Imuk  of  IIk  brain  will  wtpuuiit  tu  with  OSi' 
rscwdingljr  important  rcfpon.  Tbr  trrhniqnr  i*  Ihr  »aii>e  a*  that  emploTt^ 
rtt  th«  apinal  cord.  After  rcmoriDg  the  hmiispbrrea  nf  thr  braio  and  cere- 
bHIufo.  w^  divMk  tb«  ba«r  of  thr  braio  into  cro»-cvt«,  1-3  cm  in  thickness, 
which  *r*  trvated  ah  (Kfor«  mrtitiooRL  The  ceivbral  bemifplieTcs  and  the 
cervboiliiin  are  tmtMl  in  the  same  mannrr. 

A  •Fctton  through  thr  pvramidal  Rgion  *ho«<  almut  ronplcte  cross- 
ing. At  th«  teft  aide  the  placv  of  the  fonnrr  anterior  trart  has  been  taken 
b;  an  txttmn'trv  arra  uf  aH-tlullatcd,  traii*vi-r«e)v  cut  fibrest  the  pynuniJ 
(j»g)i  •!  the  ri^t  tht  formation  of  the  pyramid  has  nut  advanced  so  far; 
hrre  wr  can  se»  the  fibres  ctmiing  down  from  the  etowag  point  {dptf),  sit- 
uated in  the  depth  of  the  anterior  fissure. 

Of  the  mnarning  part*  of  cmr  original  cross-sectran  of  cord  we  recognize 
dorially  GoWm  and  Burdath't  columns,  which  are  sharply  defined,  but  have 
(.T'iittv  cli^iriKcd.  L/iri;.'  num},<r-  nf  ncrw-c.^Il-  an-  •^ct-n  within  thfir  in- 
terior, •■».(\\  fonriin({  a  niicliu-..  Hi.  nucleus  funiculi  gracilis  (nfg)  and 
thi-  nucleus  funiculus  cuneatus  ("/'  ).  \iiitri,llv  »t- rtinlily  ste  the  head 
of  tti.  po^trrior  liorti  witli  ju  substantia  gelatinosa  Rolandi  (»gr). 
It  io  wpjiHitKl  from  thi'  ptTipiR-rv  In-  i)i-,.ctt-d  bundU.,  of  mt-dullated  fibres 
(J'u),  wJiitli  rtprt-.tnt  the  spinal  root  of  the  trigeminal  nerve,  which 
4'iin  Ih'  tniC'd  fur  iJonn  in  the  cervical  cord.  \  t-rtrallv  of  the  posterior 
horn  wi-  S.C  tt  HiimW  .ire«  of  the  white  matter,  the  lateral  cerebellar  tract 
(Am/*);  further  vcntnilly  we  find  Gower's  tract  ifjlj).  The  former  an- 
terior horn  In  blended  with  white  matter,  appears  reticulated,  ^tnd  contttins 
hill  f<  *■  cell-.,  which  belimg  to  the  region  of  oriffin  of  the  spinal  acces- 
sory nerve. 

'I'lii  central  gray  hej^In-i  tn  form  around  the  central  Ciinal,  two  scpa- 
r..fe  I,,,,. MS  of  .'ells  ^ppeiu-iiif,'  within  it.  The  «lor-at  one  (n  .\7)  represents 
ihi  dorsal  nucleus  of  the  spinal  accessory  nerve,  Hie  ventral  nucleus 
-f  Hhirh  jnu.-t  l><  sought  in  the  sei.tten.l  eell.-  of  the  anterior  horn.  The 
root  hnndl's  leaving  tliis  nucleus,  appear  at  the  left  Mde  ( -Y/ )  ;  thcv  are 
already  found  in  th.'  upi)er  cervical  cord.  The  %entnd  fjroup  of  cells  in  tlie 
central    gray    mutter    ( n   All)    belong    to    tht    nucleus   of   the   hypoglossal 
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Fig.  171« — Transverse  Section  through  the  Base  of  the  Human 
Brain  at  the  Height  of  the  Lemniscal  Crossing 

12.     Formalin.     Mueller*8  fluid.     Celloidin   section.     Staining  of  medullar}* 

sheaths. 
Crossing  of  ihe  Lemnisci. 

The  following  section  demonstrates  the  completion  of  the  pyramidal 
crossing  and  the  result  thereof,,  the  pyramidt  (py)^  which  occupy  the 
greater  part  of  the  ventral  surface  of  the  section,  appearing  as  two  huge 
triangular  bodies.  The  place  of  the  pyramidal  crossing  has  been  taken  by. 
the  lemniscal  crossing  (dl).  The  lemniscal  fibres  emerge  from  the  nuclei  of 
the  posterior  tracts,  curve  around  the  central  gray  matter,  crossing  in  front 
of  the  latter  and  gather  behind  the  pyramid  to  form  the  lefnniscUM. 

The  reticulation  of  the  region  of  the  former  lateral  horn  is  much  more 
advanced,  so  that  we  now  can  speak  of  a  well-formed  sufrsfonfia  refica/oris 
(sr),  which  laterally  and  ventrally  is  continuous  with  the  central  gray  mat- 
ter. It  contains  small,  bisected  bundles  of  medullated  nerve-flbres,  separated 
^J  g^^J  substance,  containing  nerve-cells.  Between  the  substantia  reticu- 
laris and  the  dorsal  end  of  the  pyramid  we  notice  a  small  group  of  cells, 
the  nudeOB  of  the  anterior  funiculuM  (nvstr) ;  they  represent  the  re- 
mains of  the  former  anterior  horn. 

In  the  remaining  parts  of  our  section  little  has  changed;  we  notice  that 
the  central  gray  matter  recedes  steadily  toward  the  dorsum,  reaching  to  the 
floor  of  the  sulcus  longitudinalis  dorsalis,  which  dips  in  deeply  at  this  point. 


PLATE  76 

Fig.  172. — ^Transverse  Section  through  the  Base  of  the  Human 

Brain  at  the  Height  of  the  Olive 
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also  presents  those  of  the  hypoglossal  nerve.  Emerging  from  the  nucleus 
they  travel  in  an  acute  angle  toward  the  raphe  (XII^)^  partly  encircle  the 
hilus  of  the  olive,  partly  entering  it,  traverse  the  ventral  portion  of  the 
olivary  leaf  and  emerge  between  it  and  the  pyramid  (AT/Zg). 

The  space  between  the  olives  and  the  terminal  nuclei  at  the  floor  of  the 
fourth  ventricle  is  occupied  by  the  tubstantia  reticulcoriM  and  huge 
masses  of  medullated  fibres.  Of  the  latter  we  distinguish  horizontcd, 
curved  and  cerebello-olivcary  fibres.  The  horizontal  fibres  form  an 
important  constituent  of  the  corpUB  restiforme  {erst).  They  occupy  the 
dorso-lateral  comer  of  the  section,  comprising  the  fonner  lateral  cerebellar 
tract  and  masses  of  fibres,  derived  from  the  nucleus  gracilis.  Of  the  curved 
fibres  we  differentiate  between  dorsal  and  ventral  fibres.  The  former, 
fibrae  CUrcaatae  dorscdes  {fod)y  are  derived  from  the  sensory  nuclei  of 
the  posterior  tract;  leaving  the  olive,  they  describe  a  curve  over  to  the 
raphe  at  the  dorsal  aspect.  They  either  cross  here  or  traverse  the  dorsum 
of  the  olive,  thus  reaching  the  raphe.  After  reaching  the  latter,  their  course 
at  first  is  either  dorsal  or  ventral  for  some  distance,  before  turning  off  to 
the  other  cerebral  hemisphere.  The  ventral  arcuate  fibres,  fibroe  COTCUCLtCLe 
VentrtdeSf  encircle  the  ventral  surface  of  the  pyramids,  emerge  from  the 
raphe  and  enter  the  arcuate  nucleus.  Very  striking  in  their  course  are  the 
cerebellO'Olivcary  HbreM  (fco);  they  come  from  the  restiform  body^  join 
the  arcuate  fibres,  traverse  the  olive  of  the  same  side  and,  crossing  at  the 
raphe,  they  enter  the  hilum  of  the  opposite  olive. 

Between  the  olives  the  raphe  is  bounded  on  either  side  by  the  lemniMCUM 
(Im);  joining  the  latter  dorsally  is  the  foMcicaluM  longitadimdiM  dor* 
sallM  (fid).  On  it  we  find,  closely  anterior  to  the  nucleus  of  the  hypo- 
glossus,  slightly  to  the  right  side,  a  small  gray  mass,  RoUer^M  nucleUM. 


PLATE  77 

Fig.  173. — Section  through  the  Base  of  the  Human  Brain  at  the 

Height  of  the  Pont 
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The  Region   of  U.e   Pom  u-.tl, 
Origin  of  the  Ahduccn^  and 
Facialis  iV?n'c». 

Our  last  section  pn'spnts  tin-  region  of  tlic  pons,  Ijcinfi  cliAractorized  I 
the  powerful  obli<]iie  triiet.i  of  the  fibres  of  the  pons.  They  dosccnd  fro 
ilie   piirtly   visible    brackium    pontit    ibpo)    und    dividi-    into    a    superfici 

stratum  superHciale  pontts  (»''«).  m  deep  stratum  profwndum  pom 

nnd  a  mcdieia  stratum  compUxiim.  At  firKl  the  fibres  of  the  poos  push  tl 
pyramids  ipff)  dtH'ply  down  from  their  superficinl  location;  on  the  oth 
hniid  thev  (the  pyramids)  are  divided  into  mimeriius  lartjer  nod  siuttlli 
biindlc.t  by  the  fibres  of  the  stratum  complexuni.  Between  the  fibres  of  tJ 
pons  we  notice  numerous  nests  of  nerve-cells,  the  nuclH  of  the  pon».  Tl 
fibres  cross  in  the  median  lii)e,  forming  a  raphe,  in  which  some  fibres  ascctu 
tlie  perpendicular  Rbres  of  the  pons  (fppo).  The  reatUorm  bod 
{criit)  is  likewise  pushed  down  by  the  arms  of  the  pons;  it  dips  domt  inl 
the  cerebellum.  The  fibres  of  the  pons  divide  our  section  into  a  ventral  an 
n  dorsal  portion.  The  former  contains  the  fibres  of  the  pons  proper  an 
has  been  called  the  foot  of  the  pons;  the  dorsal  portion  contains  tl 
rem.iind.T  of   Ihe   c■nl^s-s(■etion,   tvriii<a   tlir  hood. 

In  the  latter  we  iiiid,  next  to  the  dorsal  portion  of  the  stratum  profur 
dum  pontis,  the  lemniscus  (l>n)  on  either  side  of  the  raphe.  It  he 
broadened  laterally,  pri'senting  n  median  find  a  lateral  portion.  Bchin 
tht  lemniscus  we  sei',  near  the  mediun  line,  tlir  remiiins  of  tJie  substanti 
reticularis  (-ir)  with  its  ncrvi-eills  the  1111,1,-111  rfthidiiriii  tegmenti.  Joir 
ing  it  dorsaJly  is  the  fasciculus  longitudinoUs  doTsoiis  (fid).  Latei 
ally  und  slightly  dorsaliy  of  the  Inimiscus  we  come  to  the  cellular  mass  o 
the  superior  olive  (o«)-  I*  ''<  pierced  by  fibres,  which  are  approximate 
to  the  lemniscus  and  are  derived  from  the  ventral  nucleus  of  the  auditor 
nen'e,  which  is  not  included  in  our  section.  They  descend  from  the  rcgio 
of  l\w  restiform  hmty  and  either  directly  enter  the  upper  olive  or,  crossin, 
first    in    the    raphe,    f.min    the   upper   olive   of    the    opposite    side.      This    cotlec 
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is  bounded  by  a  second  nerve-root,  the  emerging  fibres  of  the  facial  nerve 
(FZ/j).  The  latter  secins  to  arise  from  the  nucleus  of  the  abducens,  but  in 
reality  only  encircles  it.  Its  deep  nucleus  should  be  placed  in  the  region 
of  the  upper  olive  of  the  previous  sections.  From  there  the  fibres  crossed  over 
obliquely,  toward  the  median  line  and  backward,  to  the  inner  side  of  the 
nucleus  of  the  abducens  and  thence  coursed  to  the  cerebrum  in  a  direc- 
tion vertical  to  the  transverse  section.  At  this  point  we  can  see  the  nerve 
in  our  section  {VII^).  We  thus  have  two  sections  of  the  facial  in  our  speci- 
men. In  subsequent  sections  the  horizontal  limb  encircles  the  nucleus  of  the 
abducens  and  then  merges  into  the  main  egressing  limb. 

At  the  side  of  the  exit  of  the  facial  we  again  find  the  spinal  origin  of 
the  trigeminus,  which  at  this  point  enlarges,  to  form  the  genMOry  nacl€UB 
of  the  trigeminUM  (n  T),  which  at  the  right  side  is  joined  by  the  root 
fibres  of  the  nerve  {V).  In  back  of  this  nucleus  lies  a  small  group  of  large 
cells,  remains  of  Deiter^M  nudeUM  (n  VIII) j  which  belongs  to  the  region  of 
origin  of  the  acustic  nerve. 


PLATE  78 

Fig.  174. — Cortex  of  Human  Cerebellum 

Fig.  175. — Section  through  the  Cortex  of  Human  Cerebellum^ 

(Temporal  Lobe) 
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Fif.  174. — Cortex  of  Human  Cer^i^han 
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A^crfldtng  in  Iht-  crntrnl  orgmn,  we  remch  th«  renlMnum,  a  nwduut  i 
■ection  of  which  will   furniab  the  bc«t  pirtores.     It  dnnoOBtrKtm   tbtr   w^ 
known  arbor  ritjr,  «  onyd)  branch  of  which  i«  rvprodorcd  in  oar  pictntv. 

C'laMii^alian   of   the 
Ctrfhtllar  Cirrlr^. 

While  in  Ibc  npinftl  cord  the  white  •obotAncc  raveloped  the  ^ay  like  « 
iriAntlr,  wc  find  thr  rcrcrac  lo  be  tmc  hcrr,  the  axis  of  rttrh  ccrcbrllar  leaf 

cnnaUting  of  white  nubuliiiictt,  Mirroundrd  \iy  a.  tliick  luvi^r  of  gru.j  mntttr. 
Thu»  wc  have  in  the  cerrhcllum  an  inner  medoUory  taltttance.  (ww*)  itud 
an  ottier  cortical  mbtlance  (r»).  In  the  latti-r  we  different tatc-  thre«' zones, 
Tlie  nieduliary  layer  i»  fnlliiwcd  by  quite  a  large  xone,  distinguished  bv  niuner- 
oti»  .mall  ci'Hu.  tlw-  graittdar  layer  (i*)-  Esteraiilly  this  is  surroundt-d  h\ 
a  nin}{i(-  row  of  cxt  niurdinarily  cliaraeteristic  large  eells,  the  we'H-knowii 
Parkinje's  cellt  (pi).  The  outermost  stratum  of  the  cortex  is  formed  bv 
Mm    molecular  layer  (inoi),   in  wfiich  a.  few  >c;itttrud,  small  and   nu-diiiui- 


<'<l  r.'lls  iiii 
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Till'  iri'-<liilliit'(!  filircs,  composing  the  mcdullarr  lnvcr,  radiate  into  the 
I  iFrtfX.  I'illicr  in  -.tniiii'it  cimrM-  or  turning  off  in  a  iiiorf  or  los^  obtuse  ungii'. 
rU<-\  nrr  lUrnvA  nuiirilv  fn.rn  thf  Him'  ciTflji-llaV  p.^iUincles,  tW  crura  poiitis. 
Ifi.'  .■.,i-,.urH  r[iiu<lriK.niir)a  .in.l  tlu-  rc.-.tif,.nii  Ijojii-s.  tliruugh  which  thev  K-,ivc 
niMl  rnhr-  ll»-  crrrl.rllui.i  r.-spccf ivcly.  In  /uidilion  U>  tlifsc  WC  Imve  the  so- 
'ull.  ,i  aatociating  fibret,  wl.icii  i'onn.ct  tl„.  .IHr.Tint  portions  of  the  corte:^. 

\\<  ran  rftidilv  truce  these  filircs  in  their  course  through  the  granular 
l:l^>r.  Thrv  p/u-llv  eniss  il  in  ii  .stniiglit  cour^c,  p/irtiv  fwrm  n  reticulum 
^^i1llin  it,  «  I'li.'h  hccoiiics  quite  dense  belmv  tlie  celK  of  I'urkinje.  the  fibres  at 
Die  siinie  linie  chiiiiHin^  Ihiir  cuui'hc  and  iippciiriiifr  in  emss-.scction.  Enormous 
iiuNihirs  of  fihres  cnierHe  from  tliis  plexus,  becoininf,'  lust  between  the  bodies 
mid  |.r.iccs-.e^  of  I'urkinjc'if  eells.  pencniliy  .ip})earing  in  eross-scction.  Thus 
wr  ^..  (l,„l  the  outer.  Iiy  ftir  larKcr,  portion  of  the  niukTiiljir  layer  is  almost 
devoid  of  iiiedullute<l  fibres,  .-\bnut  the  oriffin  and  destination  of  these  fibres 
Larn  mure  in  a  subsequent  specimen  (p.  II,  M'!"!). 
31  i 
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Fig.  175. — Section  through  the  Cortex  of  Human  Cerebrum 

(Temporal  Lobe) 

50.    %.    Formalin.    Mueller^s  fluid.     Celloidin  section.     Staining  of  the 

medullary  sheath. 

In  the  cortex  of  the  cerebrum,  which  we  will  now  discuss,  the  arrangement 
of  the  medullary  fibres  and  of  the  cellular  element  in  the  various  parts  of  the 
hemispheres  differs  widely.  We  will  select  a  section  of  the  temporal  lobe, 
because  the  arrangement  of  the  fibres  there  is  especially  instructive.  It  is 
well  for  the  beginner  to  select  other  cortical  sections  for  comparison. 

Division  of  the 
Cerebral  Cortex, 

Very  similar  to  our  findings  in  the  cerebellum,  we  notice  in  the  cross-section 
of  each  cerebral  convolution  a  central  layer  of  meduUated  fibres,  which  is 
entirely  enclosed  by  cortical  Bubstance*  The  fibers  composing  the  tnedul' 
lory  Mtratum  are  partly  neu rites  of  cortical  cells,  leaving  one  to  enter  tho 
other;  they  either  leave  the  cerebellum,  projection  fibres,  or  go  to  other 
parts  of  the  same  or  the  opposite  hemisphere,  assoCiCltion  fibres.  Besides 
these  we  have  centripetfil  fibres,  which  leave  the  medullary  substance  and 
enter  the  cerebral  cortex. 

Turning  first  to  tlie  divisions  of  the  cerebral  cortex,  which  can  readily  be 
identified  in  our  specimen  by  the  carmine  stain  of  the  cells,  we  find  the  cerebral 
cortex  is  decidedly  more  complicated  than  the  cerebellar,  the  division  of  the 
different  layers  being  not  as  definite  as  it  was  there.  The  strata  are  charac- 
terized by  the  shape  of  their  cells,  which  we  will  discuss  in  detail  later  on.  At 
the  surface  of  the  convolution  we  have  primarily  a  moleculcOT  layer  (i), 
poorly  equipped  with  cells.     It  is  followed  by  two  layers  of  pyramidal  cells ; 

at  first  tlie  cells  are  small,  the  layer  of  Small  pyramided  cells  (-)5  then 
tlicy  become  larger,  the  layer  of  mediuni'^sized  pyramidal  cells  {S). 

We  now  come  to  a  stratum  of  small  cells,  the  granular  layer  (-0  ;  it  is  but 
very  narrow,  and  in  many  places  of  the  cortex  ill-developed.  This  stratum 
is  succeeded  by  the  layer  of  gicuit  pyramids  (>),  which,  aside  from  smaller 
elements,  contains  those  mighty,  large  giant  pyramids  which  are  so  charac- 
teristic of  the  cerebral  cortex.  Finallv,  we  have  a  last  laver,  next  to  the 
medullary  substance,  tlie  layer  of  polymorphous  cells  (6) J  characterize<l 
by  smaller  cells,  often  of  spindle  shape. 

}fr(hiJlarjf    Fihrrs 

of    thr    Crrrhrnl    (^orlrjr. 

Let  us  proceed  to  the  mcilullary  fibres.  Curving  away  from  the  medullary 
substance,  they  radiate  into  the  cortex,  where  they  form  parallel  bundles,  the 
medullary  fibres*  ^^hv  bundles  become  thinner  and  thinner,  until  they  arc 
lost  in  the  third  layer.  They  consist  largely  of  the  neurites  of  the  pyram- 
i<lal  cells. 

Aside  from  the  radiating  fibres,  the  cortex  contains  an  endless  number 
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of  tangential  fibres.  Primarily  we  notice  closely  under  the  surface  of  the 
cortex  tt  layer  of  fibres,  which  are  partly  in  longitudinal,  partly  in  oblique, 
partly  in  transverse  section.  They  are  the  zonal  Hbres  (s/)-  Their  course 
is  partly  parallel  to  the  longitudinal  axis  of  the  convolutions,  partly  at  right 
angles  to  the  latter,  viz.,  parallel  to  the  surface  of  the  convolutions.  In  the 
middle  and  deeper  parts  of  the  cortex  we  also  notice  three  other  strands  of 
tangential  fibres,  one  at  about  the  height  of  the  granular  layer,  the  outer 
ftucicle  of  Baillarger  {ueb),  another  within  the  layer  of  the  ^ant  pyra- 
mids, the  inner  fasciae  of  Baillarger  {ib),  and  a  third  in  the  deepest 
strata  of  the  cortex,  the  astociating  fibres  of  Meynert  (tnaf).  Between 
these  various  fascicles  we  also  Hnd  a  tine  reticulum  of  medullated  fibres,  which 
extends  into  the  layer  of  the  small  pyramidal  cells,  but  is  scarcely  demon- 
strated here,  owing  to  the  low  power  used. 
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Fig.  176.— Lumbar  Cord  of  the  ChUd 
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the  posterior  horn,  sending  their  neurites  into  the  lateral  horn.  Derived  from 
the  same  substance,  we  find  at  the  left  side  of  the  specimen  a  pyrcanidcd  ceU 
{ps).  The  neurite,  arising  from  the  dorsal  extremity  of  the  cell,  turns  toward 
the  posterior  tract. 

Of  the  glia  ce//t  (9^2)9  which  are  present  in  large  numbers,  only  a  few 
have  been  represented.  The  small  cell-body  sends  minute  processes  in  all 
directions.  These  otfrocyf et  are  especially  numerous  around  the  central  canal 
{ck)y  where  they  form  a  thick  neurogliar  ring,  the  gabttiUtHa  glioMa  €€11- 
tr€di$*  Many  specimens  will  also  show  the  impregnation  of  several  epen- 
dyma  cells. 


PLATE  80 


Fig.  177.— Cervical  Cord  of  the  Cat 


Fig.  176.— Lumbar  Cord  of  the  Child 

20.     Rapid  chrome-silver  ipethod. 

For  the  demonstration  of  the  cells  of  the  spinal  gray  matter  we  use  a  so- 
called  Golgi  specimen  of  the  cord  of  a  child.  The  process  has  previously  (p. 
70)  been  exhaustively  described.  The  best  pictures  are  always  obtained  from 
the  upper  and  middle  portion  of  the  lumbar  cord.  We  will  select  such  a 
section  for  our  description. 

Fig.  176  shows  a  section  such  as  we  seldom  obtain.  It  is  not  a  combina- 
tion picture,  differing  from  a  true  natural  reproduction  only  inasmuch  as  a 
large  amount  of  cells,  found  in  the  specimen,  have  not  been  represented. 

In  the  anterior  horn  we  see  depicted  a  number  of  motor  root  cellt  (vroz). 
We  arc  familiar  with  their  shape  from  previous  study  (pp.  II,  115, 118,  121 ). 
The  numerous  dendrites  can  be  traced  for  long  distances  in  the  gray  matter, 
and  are  also  seen  piercing  more  or  less  into  the  white  matter.  Aside  from 
these  anterior  root-cells  we  also  find  some  cells  in  the  median  portion  of  the 
anterior  horn,  which  are  called  commi98Urcd  Ctllt  {coz)y  after  the  nature 
of  their  neurites.  In  shape  they  cither  resemble  the  preceding  or  appear  more 
drawn  out  and,  keeping  close  to  the  white  matter  of  the  anterior  tract,  they 
pierce  into  the  anterior  commissure.  Their  neurite  traverses  the  latter  and, 
reaching  the  anterior  column  of  the  other  side,  bec(?:iies  an  anterior  column 
fibre.  A  third  form  of  cells,  the  columnar  Rbret  {strz)^  is  found  in  almost 
every  portion  of  the  gray  matter,  but  especially  in  the  middle  portions  of  the 
anterior  horn,  in  the  lateral  horn  and  in  the  posterior  horn.  The  neurite  of 
each  of  these  cells,  after  taking  on  a  medullary  sheath,  pierces  into  the  white 
matter,  where  it  divides  into  an  ascending  and  a  descending  branch.  These 
cells  are  very  numerous,  their  neurites  thus  forming  an  important  constituent 
of  the  white  matter  of  the  spinal  cord.  For  example,  we  know  the  ground 
bundle  of  the  antero-latcral  tract  to  consist  mainly  of  the  neurites  of  the 
columnar  cells  of  the  anterior  and  lateral  horns,  the  neurites  of  the  columnar 
cells  of  the  posterior  horn  coursing  in  Burdach*s  and  Goicer^s  tracts. 

A  special  variety  of  columnar  cells  presents  itself  in  Clarke's  columrt 
(ch).  These  cells  are  very  well  demonstrated  in  our  specimen.  They  are 
large  cells,  with  numerous  short,  gnarled  dendrites.  The  neurites  emerge  from 
the  ventral  circumference  of  the  column  in  form  of  strong  bundles  {clnt)y 
traverse  the  posterior  horn  obliquely  and  enter  the  white  substance  of  the 
lateral  tract,  where  they  form  the  lateral  cerebellar  tract. 

Only  a  few  of  the  cells  of  the  posterior  horn  have  been  impregnated.  They 
are  mostly  small,  elongated  cells  (hhz)^  sending  oflF  neurites  to  the  lateral  and 
posterior  columns.  The  border  cells  (grz)  are  slightly  larger,  situated  at 
the  dorsal  border  of  HoUindo\s  substance;  they  run  obliquely  to  the  axis  of 
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Substantia  Oliosa  Centralis. 

The  substantia  gliosa  centralis  consists  of  a  dense  layer  of  glia  fibreSj 
which  run  in  thre&  main  directions.  One  portion  of  the  fibres  surrounds  the 
central  canal  in  ring^shape,  another  portion  runs  parallel  to  the  direction  of 
the  canal,  therefore  appearing  in  cross-section,  and  a  third  and  last  portion 
radiates  from  the  central  canal.  These  last  fibres  appear  especially  distinct 
in  the  anterior  commissure,  crossing  the  same  in  the  form  of  a  thick,  loose 
bundle;  they  can  be  traced  to  the  floor  of  the  anterior  commissure.    We  call 

this  bundle  the  anterior  ependyma  wedge  (vepk).    A  posterior  epen- 

dyma  wedge  (hepk)  is  less  distinct  in  our  specimen.  Here,  in  the  posterior 
conunissure,  the  fibres  converge  from  all  sides,  enter  the  cleft  between  the 
posterior  tracts  of  either  side,  and  form  the  geptam  longitaditude  dor^ 

sale  (dls). 

GUa  Cells  and  Glia  Fibres. 

Besides  fibres,  the  substantia  gliosa  centralis  also  has  a  moderate  amount 
of  glia  cells  {gl^)»  They  are  small,  sometimes  medium-sized  cell-bodies,  drawn 
out  in  two  or  more  short  processes.  They  are  generally  mononuclear,  but  quite 
often  contain  two  nuclei.  The  nuclei,  though  larger  than  the  nuclei  of  the 
ependyma  cells,  are  always  considerably  smaller  than  those  of  the  nerve-cells, 
and  are  richer  in  chromatin  than  the  latter. 

Stud^'ing  these  glia  cells  a  little  closer,  we  notice  that  the  glia  fibres  run 
through  the  body  of  the  glia  cells.  We  thus  have  similar  conditions,  as  we 
found  among  the  cells  and  fibres  of  reticulated  tissue;  we  are  now  able  to 
better  understand  the  pictures  of  the  glia  cells,  furnished  by  the  chrome-silver 
method  (p.  II,  319).  There  we  found  cell-body  and  glia  fibres  evenly  black,  the 
result  being  apparently  cells  with  numerous  long,  thin  processes.  Our  gold 
method,  however,  shows  fibres  and  cell-body  as  distinctly  separate  formations. 
If  we  study  our  ependyma  cells  in  this  respect,  we  find  similar  conditions. 
The  radiating  glia  fibres  there,  also,  often  pierce  to  the  immediate  vicinity 
of  the  lumen  of  the  canal,  being  closely  approximated  to  the  bodies  of  the 
ependj^ma  cells.  Glia  cells  and  ependyma  cells  are  related  elements  of  equal 
value,  both  produce  glia  fibres;  their  history  of  development  teaches  us  that 
the  glia  cells  are  but  transferred  ependyma  cells. 

Relation    Between   Glia   Fibres 
to  Xerve-Ct'lh  and 
Blood- Vessels. 

Our  section  also  shows  two  nerve-cells  (j^)'  They  are  surrounded  by  glia 
fibres,  which  envelop  them  like  baskets,  ^lall  glia  cells  can  be  found  closely 
approximated  to  the  bodies  of  large  nerve-cells. 

In  the  anterior  commissure  we  also  find  a  small  artery,  a  central  artery  (a), 
showing  the  origin  of  a  small  side  branch.  The  glia  fibres  approach  the 
blood-vessel,  turn  and  fonii  a  complete  glioma  sheath  around  it.  Between  the 
sheath  and  the  vessel-wall  a  narrow  perivascular  lymph-space  remains. 

In  the  white  matter  we  likewise  find  numerous  glia  fibres  and  glia  cells. 
The  former  partly  run  in  a  tortuous  course  between  the  ner>'e-fibres,  at  right 
angles  to  their  course,  partly  appear  in  cross-section,  viz.,  have  the  same 
direction  as  the  nerve-fibres.  The  glia  cells  show  very  similar  conditions  to 
those  of  the  gray  matter. 
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PLATE  81 


Fig.  178.— Cervkal  Cord  of  the  Cat 
Fig.  179.— Cerebellum  of  the  Cat 


To  supplement  and  widen  our  knowledge  of  the  structure  of  the  spinnl 
cord  we  will  resort  to  the  vital  methylene  blue  staining  method.  True,  we  do 
not  rtlwaj's  have  success  with  it,  but  if  we  do,  it  furnishes  belter  results  even 
than  the  chrome-silver  method,  and,  which  is  a  practical  point  of  value  not 
to  be  underestimated,  it  gives  us  an  abundance  of  material,  which  is  rea«lilj 
preserved.  Cat  and  rabbit  are  best  suited  for  the  process,  which  ia  exhaust- 
ively described  on  pages  59-62. 

Fig.  178  represents  a  section  from  a  methylene  blue  specimen  of  the  cer- 
vical cord  of  the  cat.  We  recognize  all  the  cell-fonns  found  in  the  child, 
e.g.,  root-cells  (twc),  columnar  cells  {strz),  commissural  cells  {coz).  The 
cells,  however,  are  mostly  much  more  numerous  and  more  completely  stained 
with  all  their  processes,  dendrites  and  neurites.  Especially  the  latter  can  hi- 
traced  for  long  distances  in  the  sections  of  50-100  V-  thickness. 

Anterior    liool-Fibrea. 

For  esample,  we  can  very  prettily  see  the  composition  of  the  anterior  roots 
and  the  origin  of  their  fibres.  The  anterior  roots  (rw)  emerge  on  either  side 
in  thrcf  to  four  bundles  from  the  gray  matter,  each  of  which  consists  of  a  hirgi' 
number  of  medullated  fibres,  Neurites  of  all  sorts  of  cell-groups  of  the  anterior 
horn  enter  into  the  forniiition  of  these  hundlus,  and  it  is  due  to  this  fact  th:it 
the  neurites,  in  order  to  arrive  from  their  i>l,'u>e  of  origin  to  the  root-bundle,, 
must  ofti'H  describe  a  large  curve  and,  secondly,  nmst  frequently  cross  one 
iinotlier.  If  we  look  at  these  neurites  with  hi^'h"  power,  we  find  the  following 
state  of  affairs.  Tliey  arise  fr()Mi  the  cone  of  origin  of  tlic  cell  as  very  thin 
threads,  from  one  or  two  loop-shaped  curves,  and  soon  swell  to  three  or  four 
tinus  tluii-  original  thi.-kness.  Where  this  Uiiekeniiig  begins,  the  axis-cylinder 
take.s  {)n  a  medullary  sheath,  thus  becoming  a  eentnil,  nii.'dullated  nerve-fibre. 
This  runs,  either  in  a  stmiglit  course  or  curved,  in  a  tortuous  course,  toward 
its  root-bundle  and.  hcfoie  leaving  the  griiy  matter,  at  the  point  of  Homiir's 
coiisfrietion,  gives  off  one  or  more  fine  side-hranciies.  These  motor  coUateralx, 
which  can  just  aliout  be  recognized  witli  our  low  power,  soon  split  up  into 
iluiiUDirahle  delicate  fibrils,  which  end  at  the  neiglihoring  root-cells. 


also  givi'>  us  excellent  infocmation  about  the  remaining  nerve 
■  m.'itter.  lloidvs  the  luairites.  Iraving  the  gray  matter,  w. 
dullaled  lil.!-is  iiiti-ring irom  Ihr  white  into  the  gray  matter 
nate.     These  riAUilrndy  arr  sern  emerging  everywhere  froii 


^,_,    "1 

■ 

Tab.  81. 

^^^^^^^^^^^kTT^ 

Wl" 

^^^^■^■■p^. 

fl*  . 

S^  ♦  \  V 

1 

P 

■^ 

J^ 

•1 

.; 

fern.- 

\ 

ns.  „>, 

t 

Mkt 

u. 

"^ 

^                     ■     • 

■or 

P'K.  ITS. 

,,.. 

< 

887 

the  white  matter  and  entering  the  gray.    The  eoUoterolM  of  the  pOBterior 

ColumnB  (colh)  are  the  most  characteristic.  They  cross  Rolando* 8  substance 
and  the  head  of  the  posterior  horn  in  small,  often  parallel  bundles,  ending 
partly  at  the  cells  of  the  posterior  horn  and  the  column  of  Clarke^  partly 
joining  to  form  a  thick  fascicle,  the  so-called  reflex  bundle*  These  fibres 
pierce  through  the  neck  of  the  posterior  horn  into  the  anterior  horn,  where 
they  spread'  fanlike  and  terminate  at  the  cells  of  the  anterior  horn.  The 
CoUatends  of  tlte  iUtterior  tract  (colv)  arc,  as  a  whole,  poorly  developed, 
ending,  as  a  rule,  at  the  anterior  root-cells.  On  the  other  hand,  we  have  very 
numerous  collaterals  of  the  lateral  tract,  which  pierce  almost  all  the  regions 
of  the  gray  matter,  ending  at  the  cells  of  the  latter.  About  the  details  of 
their  termination  we  can  learn  so  much  from  high  power  observation,  that  the 
fibres,  after  losing  their  medullary  sheath,  divide  into  very  minute  fibrils, 
which  arc  studded  with  varicosities  and  are  intimately  approximated  to  the 
body  of  the  nerve-cells. 

About  the  origin  of  the  collaterals  we  should  consult  frontal  sections 
through  the  cord.  Such  sections  show  how  the  mcduUated  fibres  of  the  white 
matter,  which  arc  derived  either  from  the  spinal  ganglia,  the  gray  matter  of 
the  cord,  or  from  higher  portions  of  the  central  nervous  system,  send  branches 
into  the  gray  matter  at  right  angles,  which  represent  our  so-called  collaterals. 


Fig.  179.— Cerebellum  of  the  Cat 

60.     ^4.     Vital  methylene  blue  staining. 

The  vital  methylene  blue  method  has  likewise  advantages  for  the  study 
of  the  cerebellum.  The  process  is  the  same.  The  sections  are  placed  vertically 
to  the  longitudinal  axis  of  the  convolutions. 

Cells  of  the  Cerebellar  Cortex. 

The  most  prominent  features  are,  of  course,  the  cells  of  Purkinje  (pz). 
We  see  them  in  a  simple  la^'er  at  the  boundary  between  granular  and  molecular 
laj-er.  The  pyriforin  cell-body  tapers  toward  the  periphery,  forming  two  to 
three  huge  dendrites,  the  brunches  of  which,  like  a  forest  filled  with  trees,  pene- 
trate the  entire  molecular  layer.  The  easily  recognized  dendrite  leaves  the 
blunt  end  of  the  cell,  takes  on  a  medullary  sheath  and  becomes  a  fibre  of  the 
medullary  substance. 

The  molecular  layer  appears  relatively  poor  in  nerve-cells.  We  find  in  it 
only  mediuin-si/ed  multipolar  nerve-cells,  the  so-called  bciMket  cellt  {kb;:). 
They  are  found  in  the  middle  and  the  deeper  strata  of  the  molecular  layer; 
they  ^ive  off  one  neurite,  which  runs  above  the  cells  of  Purkinje  for  sonu» 
distance,  sending  a  collateral  branch  to  each  of  them,  which  surrounds  their 
bodv  with  a  dense  fibrous  net. 

A  considerably  larger  amount  of  cells  is  found  in  the  granular  layer. 
Above  all  we  find  here  the  characteristic  gmoll  granular  cells  {klkz)^  small, 
angular  cell-bodies,  which  send  off  three  to  four  short,  strong  dendrites,  which 
soon  terminate  in  several  short,  clawlike  terminal  branches.     Each  such  cla^ 


^asps  the  body  of  a  neighboring  cilt.  The  ncurite  of  thi^  granular  cell  » 
difficult  to  recognize  in  our  specimi-u.  It  is  very  thin,  extending  iu  a  nuliittiog 
tours,  into  the  molecular  layer,  where  it  branches  in  the  shape  of  a.  T.  The 
branches  are  cut  transversely  in  our  specimen,  since  tliey  run  !□  the  direction 
of  the  convolution  and  parallel  to  the  surface.  Aside  from  the  small  gmnulvr 
cells,  we  also  find  the  large  granular  cells  igrk-z)  in  the  granulur  stratum. 
These  also  ascend  into  the  molecular  layer.  They  arc  large  multipolar  cpHa, 
giving  off  numerous  dendrites,  which  are  of  interest  inasmuch  as  their  ncurile 
soon  breaks  up  in  a  dense  texture  of  fibrils  (cells  of  the  II.  type  of  Golgi). 

We  must  still  mention  some  fibres  which,  leaving  the  niedullnry  substADce, 
enter  the  cortex  and  ascend  upon  the  cells  of  Purhinjc,  earning  the  name  of 
cUmbmg  fibret.    Our  specimen  only  suggests  them. 
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Fig.  180. — Cerebral  Cortex  of  Child 


For  the  demonstration  of  the  structure  of  the  cerebral  cortex  the  chrome 
silver  method  (p.  69)  is  superior  to  the  vital  methylene  blue  statning.  \Vi- 
usc  the  brain  of  children  during  the  first  weeks  of  life,  observing  tlw  rules 
given  before. 

The  infantile  cortex  does  not  show  such  typical  arrangement  of  layer.s 
us  we  met  Jn  the  temporal  lobe  of  the  adult  (p.  II,  315) ;  still,  it  demonstrates 
the  viirious  types  of  cells.  Most  striking  nre  the  [urge  pyramidal  cdlm 
(grpa).  They  are  found  throughout  the  middle  region  of  the  cortc-x.  As 
their  nunie  indicates,  they  are  large  pyramid- shaped  cells.  Their  bnse 
points  toward  the  medullary  portion,  their  apes  vertically  toward  the  brain 
surface,  giving  off  numerous  dendrites  and  soon  breaking  up  into  two  or  more 
branches,  trunk  dendrites.  These,  branching  constantly,  strive  toward  the 
ciirtical  surface,  wliere  they  split  up  into  minute  fibrils,  running  parallel  to 
the  surface.  The  cell-base  gives  rise  to  numerous  dendrites  and  the  neurite. 
The  latter  can  easily  be  traced,  especially  in  thick  sections;  descending  throu^ 
the  deeper  portions  of  the  cortex;  it  enters  the  medullary  matter.    During  this 


course  it  acquires  a  medullary  sheath.  The  i 
to  form  bundles,  wliieh  hiter  constitute  the 
(p.  II,  815)   of  the  cerebral  cortex. 
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of  neighboring  cells 
■haracteristic   medullary    ravs 


;dl   details    identical    to    the 


TIr'  iiK.l.rulur  layvr  Cl)ntiliri^  frw  cells.  Our  specimen  sliows  but  on- 
n]pruf,maled  ei'll.  a  sm.ill  ci'll-bodv.  Mridiii;,^  procesM-s  tr.  hotli  sides.  Theso 
;ells  ,u-r  gerier.dly  dvsi^r„;,tv(l  as  Cajal's  cells  (rojr.).  Tliey  do  not  show 
uiy  neurite,  .-.ll  processes  havin-,^  llic  rhnr-irt-r  of  dendrites.  This  conditi.t:, 
iii..t  in  c.L-tairi  crlK  .,f  thv  H'tin;.  (p.   II.  ;fr>.-)). 

s  of  Ihr  ci.rteN  tlir  lurv.-cflls  lest-  tiicir  typical  pvraiii- 
■  irr».j,'ular.      Thev'are   therefor,.. 


we  will  a^ai 

In  th,.  d<T[: 
idal  .-liapr.  iKroiiiin-  ,lo,i^r„t,d,  fiian; 
called  polymorphous  cells  (/"•I--) 


l),.n<iritu.- 


late 


I   the 


TUi- 


eulh.  \\\  fii, 
sub.-tan.i-.  bu 
bratu'li,-.   \■:,^ 


LTJU    tl„ 


allv 


V,,    ,il,lil, 

r   to   tll:.l 

of  the  pyr 

II,, ill.. 1 

.,1   Wllill, 

,1.....  ll.,l  .■ 

t.-i-  11,0  „ii.. 

1,11,1 ,1 

.    111.'    S.I, 

f.....  .>r  II,. 

ci-k'x,  wl 

Iff    ils 

OV 


cv 


PLATE  83 

Fig.  181. — Cervical  Cord  and  Spinal  Ganglion  of  the  Cat 
Fig.  182. — Nerve-Cells  from  a  Spinal  Ganglion  of  the  Cat 


Fig.  ISl. — Cervical  Cord  and  Spinal  Ganglion  of  the  Cat 

15.    ■}'\.    Vital  Hietliylenc  blue  staining. 

For  the  detailed  study  of  the  spinal  ganglion  we  use  the  material  of  the  cal. 
prepared  in  the  manner  related  on  p.  II,  326.  If  we  desire  to  demonstrate  the 
junction  of  ganglion  and  cord,  the  dura  reniiiins  unopened.  The  cord,  together 
with  all  its  ganglia,  is  taken  out  and  divided  into  different  segments,  eiich  of 
which  includes  on  either  side  a  spinal  ganglion  with  its  two  roots.  For  our 
purpose  we  select  the  ganglia  of  the  cervical  cord  with  its  short,  strong  roots. 
Each  segment  is  first  placed  on  a  small  was  plate;  the  spinal  nerve  of  either 
side  is  fixed  with  porcupine  bristles  under  light  tension  in  a  uianner  that 
the  ganglion  lies  in  the  centre  of  the  section.  The  specimen  is  fixed  on  the 
wax  plate,  washed,  dehydrated  and  only  detached  in  the  absolute  alcohol. 
Paraffin  sections  should  be  50-100  ti  thick  and  be  mounted  preferably  in  oH 
of  cloves^ — ^coUodiuni   (p.  46). 

Junction  of  Spinal  Ganglion 
and   Cord. 

The  right  half  of  a  section  is  shown  in  our  picture.  The  spina]  gnng:lion 
is  seen  as  an  elongated,  oval  body  alongside  the  spinal  cord;  it  is  enclosed 
in  a  connective  tissue  capsule,  which  is  continued  on  one  side  around  the  spinal 
nerve,  on  the  other  over  the  two  roots  {yv>  and  hw)  and  the  dura  mater  of  the 
cord.  The  ganglion  cells  form  a  layer  around  the  ganglion,  and  in  the  interior 
are  >egregated  into  numerous  nests* hy  the  efferent  and  afferent  nerve-fibres. 

Tin-  strong  postiTliir  root  arlsi's  fnmi  the  luudiun  aspect  of  the  ganglion, 
cwYw-  over  to  the  dor.s^il  cireuiiiferetioe  of  the  cord  and  enters  the  posterior 
tr;n-t  thf  ri'of.  The  spinal  nerve  («/<")  enters  tile  lateral  portion  of  the 
gaiiKli^n,  hut  only  in  i.a.t,  the  other  i.art  of  it^  fibre,,  consisting  of  the  fibres 
of  tln'  iint.rior  root.  emiT^ring  from  the  cord.     While  tlie  posterior  root  enters 
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Fig.  182. — Nerve-Celb  from  a  Spinal  Ganglion  of  the  Cat 

280.     %.     Vital  methylene  blue  staining. 

Filler  Structure  of  the 
Spinal  Ganglion. 

Although  we  were  acquainted  with  the  spinal  ganglionic  cell  during  our 
general  study  of  the  nerve-cell,  it  will  be  of  advantage  to  us  to  again  study 
these  cells  here,  under  high  power.  We  recognize  the  large,  rounded  or  pyri- 
form  cell-bodies,  which  are  either  surrounded  or  covered  by  their  respective 
capsular  cells,  according  to  whether  the  nerve-cell  has  been  cut  right  through 
or  only  nipped. 

In  many  cells  we  may  perceive  the  origin  of  the  cellular  process  with  its 
previously  described  (p.  II,  114)  glomerulus  formations;  we  are  now  also  able 
to  follow  the  course  of  this  process  for  a  long  distance.  Shortly  after  leaving 
the  cell,  the  process  takes  on  a  medullary  sheath,  winds  through  the  mass  of 
neighboring  cells  and  enters  a  bundle  of  nerves,  which  separates  the  nests  of 
cells,  generally  at  right  angles  to  the  course  of  the  fibres.  Arrived  here,  it 
undergoes  a  T-shaped  bifurcation  and  merges  into  a  medullated  nerve-fibre 
{fnhf) ;  thus  one  portion  of  the  cellular  process  enters  the  posterior  spinal 
tract  with  the  posterior  root,  becoming  a  posterior  tract  fibre,  while  the  other 
portion  constitutes  a  spinal  nerve-fibre,  going  to  the  body  surface  or  rather 
coming  from  the  latter.  The  transition  of  the  cellular  process  into  the 
medullated  nerve-fibres  always  takes  place  at  one  of  the  constrictions  of  Ran^ 
vier  {re) J  hence  three  medullary  segments  come  together  at  that  point. 

Afferent  Fibres 
in  the   Ganglion, 

In  many  places  of  our  ganglion  we  can  observe  another  important  pecu- 
liarit}'.  Frequently  we  find  the  nerve-cells  surrounded  by  a  more  or  less  dense 
network  of  fibrils.  This  is  seen  best  in  those  places  where  the  cell-body  itself 
has  been  stained  weakly  or  not  at  all.  We  furthermore  notice  that  a  fine, 
non-iiiiKlullated  nerve-fibre  (mlf)  develops  from  this  network;  this  fibre  does 
not.  take  on  any  medullary  sheath  in  its  further  course.  It  is  a  sympathetic 
fibre,  the  origin  of  wliich  we  will  soon  be  acquainted  with  (p.  II,  886). 
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Fig.  183. — ^Thoracic  Ganglion  of  the  Cat 
Fig.  184. — From  the  Thoracic  Ganglion  of  the  Cat 


Fi;.  183. — ^Thoracic  Ganglion  of  the  Cat 
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Vital  mtthvlenc  blue  stai 


The  process  described  on  p.  II,  826  furnishes  also  material  for  the  stu<Ij 
the  sympnthctic  ganglia..  We  selict  any  desired  ganglioD  of  the  sympnth 
trunk,  preferably  the  thorneic  ganglion,  which  we  can  find  on  either  sid« 
the  lii'ight  of  the  firnt  or  second  intercostal  space,  lying  upon  the  longug  ( 
inuacle.  Paraffin  sections  are  made  parallel  to  the  surface,  including  all 
afferent  and  efferent  nerves. 

CrcM  .Struclurf  of  the 
iij/mpatheiic  Ganglia. 

I'he  ganglion  is  triangular  in  shape;  the  cervical  sympathetic  (tujy)  «n' 
it  at  the  right,  the  thoracic  sympathetic  (n»g^)  emerges  from  it  above,  tl 
rami  communicantcs  (rco)  form  its  communication  with  the  last  cervical 
the  first  thoracic  nerves  and  one  ramux  cunlincus  (rea)  is  ^ven  off"  (o 
heart. 

The  ganglion  is  surrounded  by  n  connective  tissue  fatty  capsule,  , 
contaiuji  in  its  interior  the  sympathetic  nerve-celU. 


El-,. 


Fig.   1&4. — From  the  Thoracic  Ganglion  of  the  Cat 

800.     ■}'4.     Vital  methylene  hhie  staining.  "" 
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laiiiinin^  inir 


not  too  eli.sriv  pjickuii.  «.■  tin 
sli.iihir  to  thMt  ofl<if.t  hv  (hv 
^i/<.<l,  |i<.lvni.n-ph<.iis  ■■ill-b...!!.. 


ilh  hif-h  |i..«.T.  .-piriully  wlK-re  the  cells  > 
tli;il  tin-  sviii|mlh.')ie  wlls  give  a  picture  vt 
■rlls  .if  \\w  -piiiiil  frunglia.  They  are  niediu 
7.iirfi>iitiii((l  by  H  capsule;  tliey  give  off  numi 
<His.  often  very  strini{<,  demlritcs.  The  di'iulritos  raiiiify  extensively  and  c 
be  tn.eeil  fnr"  hill-,'  dishinees.  F.i.cb  rell  sends  out  one  neurite  (n),  wlii 
leiiv..^  tlie  fjannlimi  lis  )i  m.ll-niedllllated  luTV.-fibre,  The  course  of  the  intt 
viirii-s  ;  it  njay  siTii))ly  piirce  the  syiii|iiithelic  tnuik  and  enter  another  pa 
gliiin,  w!iere  it  cinuriiunicntes  wilb  iinuther  sviiipiithetie  cell,  forming  an  nffei-i' 
fibre,  which  t.Tii.iniites  iit  the  cell  in  (lie  Vonil  of  an  end-busket  ( „/)  :  nr 
re-i'titers  the  spiiiul  ;fuiifjliiKi  )iy  way  of  i\  ramus  cimiiuiinicans,  forming  t 
piv\iijii>ly  n.c.rded  (p.  II,  li.'Ct )  eiid-mt  ar.iUMil  .me  of  the  ganglia  cells,  or 
hi-.'ouies  ii  [irriijlieral  syiiipKtli.tre  fibre,  «hich  mny  be  motor  or  sensorv 
(dmniel.T.  Our  -.i.eelin.ii  ,h,.«s  Ihat  the  ^ymi.afh.fle  ganglia  also  Vo 
tain  medulbit.'d  (ilir.-^  (mirf).  Th.y  are  pr-.bablv  anterior  root-fibres,  whi 
gain  the  ganf;!!,,,,  ihnm;;!,  |  h,.  niniiK  .■(.Timmnlcaii.  iuid  end  at  the  gangli. 
cells. 
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PLATE  85 

Fig.  185. — Section  through  the  Anterior  Portion  of  the  Human 

Eye 

Fig.  186. — Equatorial  Sections  through  the  Lent  of  the  Rabbit 


8.  THE  ORGANS  OF  SENSE 

Fig.  185. — Sectioh  through  the  Anterior  Portion  of  the  Human 

Eye 

12.     Sublimate-platinum  chloride.     Paraffin  section.     Carmalum.     Picro- 

indigcarmin. 

The  preparation  of  useful  specimens  of  the  human  eye  is  quite  difficult. 
The  material  is  hard  to  obtain,  since  human  eyes  cannot,  as  a  rule,  be  had 
immediately  after  death ;  it  is,  however,  essential  to  use  absolutely  fresh  mate- 
rial, since  the  structure  of  the  retina  suffers  elementary  changes  soon  after 
death.  Other  parts  of  the  eye  are  less  easily  affected,  giving  satisfactory 
specimens  twelve  to  twenty-four  hours  after  death. 

The  entire  globe  of  the  eye  is  fixed  in  a  mixture  of  25  cm^  of  a  1%  solu- 
tion of  platinum  chloride  and  25  cm^  of  a  5%  solution  of  sublimate,  diluted 
with  50  cm^  of  water ;  the  eye  is  suspended  in  this  liquid  for  twenty- four  hours, 
washed  in  running  water  for  an  equal  length  of  time,  and  transferred  to  5% 
formalin  for  two  to  three  days.  The  subsequent  dehydration  must  be  con- 
ducted very  carefully  and  slowly.  When  the  specimen  has  arrived  at  the 
absolute  alcohol,  it  is  bisected  by  an  equatorial  section  into  an  anterior  and 
a  posterior  half,  both  of  which  are  embedded  in  paraffin.  The  former  is 
divided  into  meridional  sections,  crossing  the  cornea  and  the  iris.  As  soon 
as  the  lens  appears  in  the  section,  the  cutting  becomes  difficult,  since  its 
substance  has  turned  very  hard  and  brittle.  We  therefore  place  alongside 
of  the  microtome  a  tray,  containing  a  mixture  of  1  part  of  soft  and  2—8  parts 
of  hard  paraffin,  which  is  heated  slightly  above  the  melting-point  of  paraffin 
by  a  small  burner.  The  paraffin  should  have  a  temperature  of  60-70°  ;  tlius  it 
must  not  give  off  any  vapors.  A  medium-sized  camcPs  hair  brush  is  kept  in 
the  tray.  Before  each  section  we  brush  over  the  surface  of  the  block  once, 
rapidly  and  evenly,  creating  a  very  thin  layer  of  paraffin,  covering  the  entire 
cutting  surface.  In  this  manner  we  can  obtain  faultless  sections  of  10—15  pt 
thickness,  which  are  pasted  on  in  the  usual  manner,  so  that  the  paraffin  coating 
is  on  top.  The  sections  are  stained  in  carmalum  (p.  55)  and  counterstained 
in  picro-indigcarmin  (p.  67).  Sections  stained  with  resorcin  fuchsin  (p.  68) 
also  furnish  very  instructive  pictures  of  the  distribution  of  elastic  tissue. 

Sclera. 

The  outer  covering  of  the  globe,  the  sclera  (*c),  is  very  much  defined  by 
its  bright  blue  color.  The  anterior  portion  here  has  an  average  thickness  of 
0.5  mm,  consisting  of  connective  tissue  bundles,  the  majority  of  which  have 
a  meridional  course.     Between  these  we  find  equatorial  and  oblique  bundles. 
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They  form  several  layers,  leaving  narrow  spaces  between  them,  which  are 
filled  with  cells,  the  scleral  corpuscles.  The  resorcin  fuchsin  method  will  also 
demonstrate,  especially  in  the  innermost  layers,  an  abundance  of  elastic  fibres. 
Externally  the  sclera  is  surrounded  by  connective  tissue,  which  is  continuous 
with  the  propria  of  the  conjunctiva  balbi  (prco).  The  latter  is  covered 
externally  by  stratified  cylindrical  epithelium  (epco)^  which  not  infre- 
quently contains  goblet  cells. 

Cornea. 

The  continuation  of  the  sclera  anteriorly  is  formed  by  the  cornea  (co), 
particularly  by  the  buMic  Substance  (gs)  of  the  latter.  It  consists,  as  the 
sclera,  of  connective  tissue  fibres,  which  arrange  themselves  in  numerous  plates, 
running  parallel  to  the  surface  of  the  cornea.  Here,  too,  we  find  elastic  fibres, 
but  not  as  numerous  as  in  the  sclera.  Hence  tlic  difference  between  the  sclera 
and  the  substantia  propria  of  the  cornea  is  less  morphological  than  physical, 
the  former  being  opaque,  the  latter  absolutely  transparent.  Cells,  the  comea 
corpuscles,  are  found  in  the  corneal  basic  substance;  their  special  peculiar- 
ities will  be  studied  in  a  subsequent  specimen.  At  the  point  of  junction  betwcfen 
cornea  and  sclera,  the  so-called  scleral  or  corneal  groove  (cof),  we  find 
a  slight  constriction,  the  external  scleral  sulcus. 

Externally  the  substantia  propria  of  the  cornea  is  covered  by  a  thin,  vari- 
ably constructed  membrane,  which  we  designate  as  Bownuut's  mentbrane 
{bm).  or  lamina  elastica  anterior.  It  is  simply  a  thickened  portion  of  the 
substantia  propria. 

This  layer  is  followed  by  the  anterior  epithelium  of  the  cornea  {vep)y 
a  stratified  flat  epithelium,  which  we  have  met  before  (p.  II,  44). 

Posterioriv  and  toward  the  anterior  chamber,  the  basic  substance  is  like- 
wise  walled  off  by  a  homogeneous  membrane  {dm).  Tliis  membrane  of  Deit- 
cemet,  or  lamina  elastica  posterior,  is  also  a  part  of  the  substantia  propria, 
but  is  much  more  powerfully  developed,  always  present,  and  differs  micro- 
chemically  and  in  its  staining  properties,  as  our  specimen  shows,  from  tlie 
substantia  propria.  While  the  latter  stains  purely  blue,  the  membrane  of 
Descemet  takes  on  a  green  hue.  This  very  resisting  membrane  offers  protection 
to  the  eyeball,  which  should  not  be  underestimated. 

Another  layer  finally  surrounds  the  membrane  of  Descemet^  a  stratum  of 
simple,  low,  polygonal  cells,  the  posterior  epithelium  of  the  cornea,  bounding 
the  latter  against  the  anterior  chamber. 

Vhorioid. 

The  second  middle  la^'er,  the  chorioid  coat,  contains  a  large  part  of  the 
blood-supply  of  the  retina;  its  structure  will  be  discussed  later.  Anteriorly 
it  is  greatly  thickened,  becoming  continuous  with  the  ciliary  body,  corpus 
ciliare. 

Ciliary  Body. 

The  thickening  is  due  to  an  acquisition  of  smooth  muscle  fibres,  which 
make  up  the  ciliary  musde.  We  distinguish  three  portions  of  it.  Most 
externally  are  fibres  which  run  meridionally,  parallel  to  the  internal  surface  of 


I  coo-     I 
~omV      ' 


the  sclera  (nt/);  this  lajcr  is  followed  by  fibres  which  riulintc  in  fan-shape 
from  the  aDt«ro-cxternal  portion  to  the  postero- in  tenia!  n-^on  {rf),  koA 
Rnally  w  find,  most  inti-rnHlly,  cros§- sections  of  bundles  of  fibres  {</),  which 
form  a  muscular  ring  in  the  eyeball.  The  ciliary  body  is  resting  on  a  con- 
nective tissue  stratum,  the  so-called  ground  plate.  It  is  dilTervntiatcxl  H 
readily  by  its  blue  color  from  the  yeilowish-gretii  muscle. 

Citiary  I'rortMes. 

The  ciliary  processes  arise  from  it;  they  arc  meridionally  arranged,  comb- 
shaped  folds,  the  exact  form  of  which  is  hard  to  discern  in  our  meriditHial 
Kcction.  They  project  into  the  posterior  chamber,  consisting  mainly  of  V« 
cular  connective  tissue. 

Mr  Hfgion  of  tlm  Angle 
of  the  Iris. 

Still  ninrt-  anteriorly  the  ciliary  body  merges  into  the  iris.  This  region  of 
the  angle  of  the  iris,  so-called,  is  worthy  of  a  close  examination.  L^mking 
with  high  power  at  the  portion  of  sclera,  in  front  of  the  corneoscler«l  l>order, 
we  notice  that  it  bulges  out  internally,  forming  the  scleral  protuberance. 
Ascending  fn>m  the  iris,  we  have  connective  tissue  strands,  thi'  processes  of 
the  iris;  they  pass  the  scleral  protuberance  and  at  the  corneoscleral  border 
they  join  Dexremet'i  membrane.  At  this  point,  viz.,  opposite  the  scleral  pro- 
tuberance, we  find  the  conol  of  Sehlemm  (schlk),  which  g<?nerally  considts 
of  two  to  three  cross-sections  of  vessels,  forming  a  ring-shaped  venous  plexus. 
Externally  and  posteriorly  the  processes  of  the  iris  form  a  meshwork  of  lymph- 
Kpaees  on  the  other  side  of  the  scleral  protuberance,  which  have  been  collect- 
ively called  the  space  of  FoTttana  ifr).  The  canal  of  Sehlemm  and  the 
space  of  Fantana,  viz.,  the  anterior  chamber,  are  in  open  communication.  The 
ninul  thus  represents  the  main  cluinnul  of  dnimage  for  the  aqueous  humor. 
/r;-,s. 

The  iris  is  a  disk-shapiKl  diapliragni,  extending  from  the  ciliary 
body  over  Ihe  anterior  siiifaei'  of  the  lens.  After  identifying  its  shape,  we 
notice  tliat  the  hulk  of  the  iris  is  formed  by  the  biue-stained,  connective  tissue 
iris-stroma  (i»/r),  which  is  connected  at  tile  root  of  the  Iris  to  the  scleral 
[injlnhiriinei'  and  the  nunihrane  of  Uenceinct  by  the  aforementioned  processes 
of  tlif  iris,  l-'iirthennore,  it  is  in  relation  wiHi  the  ground-plate  of  the  ciliary 
lirMiy.  Where  tlie  grmind-phite  and  the  root  of  the  iris  merge,  we  always 
tind  numerous  cross-sections  of  vessels,  which  belong  to  the  circulus  arterio- 
sus iridis  major,  derived  from  the  anterior  and  pofiterior  ciliary  vessels.  In 
the  niiij.ininjr  stroma  of  the  iris  we  also  find  numerous  vessels,  especially  where 
the  eiliury  portion  of  the  ij-is  merges  into  tlie  narr<iw  pupillary  part.  Here 
we  Jiave  tlie  ctrculus  arteriosus  iridis  minor;  both  plexuses  anastomose, 
Higli  power  sliinss  tlic  iris-stronia  to  eonsist  of  loose  connective  tissue,  becom- 
ing (ii'iiser  ;irr)un<l  the  blood-vessels.  Between  the  connective  tissue  bundles  are 
seatlired  hr(in<'liing  pigment  cells,  wlneh  in  tiiis  case  are  scantily  represented, 
indicaling  that  the  eye  of  the  individual  must  have  been  blue  or  gray. 

Smor)th  nuisele  (ihres  (im)  arc  also  found  in  the  pupillary  portion  of  the 
iris.      Tliey    have   been    cut   transversely    in    part,   appearing   in    bundles,    the 
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Mphincter  fMpiUae,  pirtlj'  they  fnrni  n»rrow  strands,  nuliiiting  toward  the 

pupillary  edf^.  the  dUatutor  pupUlae. 

Anteriorly  the  iris-stroiim  thickens,  forming  the  anterior  border-layer 
(ivgr),  which  is  sepnrated  from  thf  uiiterior  ehumlxr  by  n  simple  layer  of 
flat  epithelium,  the  anterior  epithelium  of  the  iris  (tvep).  The  cells  of 
this  layer  also  cover  the  processes  of  the  iris  and  arc  continuous  with  the 
poalcrior  epithelium  of  the  cornea. 
Rttina. 

Finally,  we  arrive  at  the  innermost  l«ycr  of  the  globe,  the  retina,  of  which 
our  section  only  shows  the  anterior  portions.  We  can  see  hut  little  of  the 
complicated  Btrueture  of  this  coat,  which  will  be  discussed  in  detail  later;  the 
elements,  receiving  the  impressions  of  light,  the  rods  and  cones,  have  disap- 
peared. The  different  layers  have  merged  into  one,  which  mainly  consists  of 
supporting  tisttue,  interrupted  by  blood-vessels  and  rounded  gaps.  In  the 
region  of  the  ora  terrata  the  retina  suddenly  decreases  materially  in  thick- 
ness, becoming  the  epithelial  covering  of  the  ciliary  body. 
Parg  CiUarit  Hetince. 

This  so-called  pars  eili»ris  retime  covers  the  ciliary  body  and  its  processes 
completely  {pcret).  Under  high  power  we  find  that  it  is  made  up  of  two  rows 
of  epithelium.  Externally  we  find  the  ground-plate  of  the  ciliary  body  cov- 
ered with  a  row  of  cuboid  cells,  the  bodies  of  which  arc  filled  with  pigment. 
They  are  the  direct  continuation  of  the  pigment  epithelium  of  the  retina.  The 
inner  layer  consists  of  slightly  higher,  non- pigmented  cells,  which  give  off 
blue-stained  fibres,  which  at  first  form  a  cuticle  over  the  epithelium,  but  later 
course  toward  the  lens,  bridging  over  the  recesses  between  the  ciliary  processes. 
In  their  entirety  they  form  the  suspensory  ligament  of  the  lens,  the  xonula 
cUiariM  or  the  ligament  of  Zinn.  The  celts,  mounted  on  the  ciliary  pro- 
cesses, often  show  small  vacuoles;  they  are  probably  the  elements  furnishing 
the  aqueous  humor  for  the  anterior  and  posterior  chambers.  At  the  root  of 
the  iris  the  pars  ciliaris  retinir  comes  in  contact  with  the  posterior  surface 
of  the  iris,  changing  them  to  the  pars  iridica  rctinje  (jiirrt). 
Pars  Iridiea  Relina: 

This,  too,  consists  of  two  layers,  but  here  both  contain  pigment.  The 
cells  are  so  loaded  with  it  that  their  outlines  arc  hard  to  distinguish.  It  is 
better,  therefore,  to  extract  the  pigment  in  the  manner  described  on  p.  II,  31. 
We  can  recognize,  then,  that  the  anterior  cells  give  off  processes,  which  are 
closely  approximated,  forming  a  thin  layer  between  the  stroma  of  the  iris 
and  the  pars  iridica  retinv,  which  has  been  named  Bruch't  membrane,or 
posterior  bordeMayer  of  the  iris.  In  our  specimen  we  see  it  as  a  distinct, 
fine,  green  line  (brm).  Probably  these  processes  are  contrnctile,  which  would 
result  in  the  interesting  fact  that  an  ectodemiic  cell,  partly  filled  with  pig- 
ment, performs  the  function  of  n  muscle  cell  with  the  n on- pigmented  part 
of  its  body. 

The  lens,  the  last  part  of  our  specimen  to  be  discusacd,  is  not  equally  well 
preserved  in  all  its  pnrts.     The  nucleus  of  the  lens  has  become  more  or  less 
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detKched  from  the  peripheral  portion:  the  interposed  fihrous  mnsa  is  likewiw 
badlj  preserved.  This  cnnnot  be  iivoided  in  such  totwl  specimens.  KxtcrnaUf 
the  lens  is  bounded  by  the  blue-stained  lenticular  capsule  (tka).  It  i» 
thickest  in  the  centre  of  the  anterior  surface  (anterior  lenticular  cnpsul?). 
decreasing  in  size  toward  the  equator  until,  in  the  centre  of  the  posterior 
surface  (posterior  lenticular  capsule),  it  is  only  half  the  thickness  of  thi- 
anterior  central  portion. 

Below  the  anterior  lenticular  capsule  we  find  a  simple  layer  of  tint  cubwd 
cells,  the  lenticular  epithelium  {Icp)-  In  the  region  of  the  t-quator  the 
cells  grow  gi-ftdually  higher  and  become  continuous  with  the  fibres  of  tht 
lens.      The   nuclii,  receding   from   the  capMule,  cause  the   appearand?    of   the 

well-known  lenticular  whirl. 

Zo,iut,'  of  '/in,.. 

The  fibres  of  Zinn's  zonula  (2^),  the  origin  of  which  we  met  Iieforv, 
croftd  over  in  a  more  or  less  curved  course  to  the  anterior  and  posterior  surfaces 
of  the  lens  and  its  equator,  where  they  merge  into  the  capsule.  Postfriorlv 
the  zonule  is  bounded  by  the  vitreut  (.9'*).  The  elements  composing  UK- 
latter,  minute  gray  fibrils,  radiate  into  the  vitreus  on  alt  sides;  nt  the  inteniAl 
surface  of  the  retina,  and  the  posterior  surface  of  the  zonule  and  the  Ions,  they 
condense  into  a  sort  of  membrane,  the  border-layer  of  the  vitreoas  body. 

Fig.  186. — Equatorial  Sections  through  the  Lens  of  the  Rabbit 

(a)  Section  clo«e  to  the  equator  of  the  lens;  (t)  section  through  the  ante- 
rior half  ..f  tlie  k'Ms. 

300.     -■::.     Subliiuate-platimuii  chloride.     ParufRn  section.     Bwndi  solution. 

Oru-  way  of  pr.j.iiriiig  siieciiiieiis  for  thr  >tiidy  of  the  structure  and  ;ir- 
rangement  of  Uie  fil>I■e^  ..f  Die  lens  i-  tu  niiuer;ile  the  len.s  in  alcohol  (p.  a")). 
thus  disM.lvtng  Hie  cement  Mihstaiiei'  coTiiii'cting  the  fihru.s ;  this  niethiid  will 
give  u>  Hif  Inn<j.  IsoIiiUd  fibres  „f  the  I.  ti,.  K(iii;itorial  sections,  however. 
furnish  lirttcr  [jietiin-i.  Tiiki-  \\w  frrsh  cy,'  <if  :>  yovmg,  not  too  large  nuini- 
TMid.  carefnilv  cut  into  the  .■nriieji.  nrnr  the  -;eleriil  groove,  with  the  razor. 
milil  the  ,i<|Ue<.Lis  limiior  iMides.  Tlu  hhint  blade  of  delicate  scissors  is  intro- 
<lue.(l  int..  the  antcfi-.r  elmnil.ei-  ami  (he  .ntirr  cornea  is  cut  off  parallel  to 
its  |,.ii|il..M.  Thr  s,„.<iiii.ti  is  tkeil  in  the  following  solution:  25  cnr'  of  a 
r;  .i,luti<.n  of  plaMiiuiii  elilnria..  'i-T  eiir'  nf  ,i  t';  solution  of  sublimate,  and 
r>n  ,■„,■  .,f  wat,!-.  ,\fh  1-  t"n  ho.H-s  th,.  iih.h'  e;in  he  divi.led  by  nn  equatorial 
srction;  Mk  Miil.rlni-  hail'  i-  n|.I.UTd  and  I. ft  in  tiK'  fixing  Milution  until  the 
followirii:  dav.  iMi.-lli.r  hvatriM^nt  is  the  sainr  a-^  in  tlir  preceding  specimen. 
The  s.eliujisa,-,.  niaWr  |.arall,l  lo  Hie  <i, rural  ,.!--■  and  stained  in  Biondl  solu- 
tion ([,.  f!7). 

01    III--    /■■(■'„■-■,>   of   ll-r    !,'ny. 

A  MTtion.  nit  .IomIv  behind  llir  lenticular  equator,  will  furnish  a  very 
regular  picture   (fig.   ISO.  ,0-      Kvt.Trially   w,    l,a\v  Wx-  lenticulor  CUpSuU 
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{Ika)^  internally  the  HbteB  of  the  ImnM  (If)-  In  cross-section  they  are  seen 
as  regular,  narrow  hexagons,  arranged  in  rows  or,  plastically  speaking,  in 
leaves,  which  converge  toward  the  nucleus  of  the  lens.  The  various  leaves  are 
intimately  attached  among  themselves  by  their  serrated  edges.  Each  fibre 
shows  a  deep  red  cortex,  while  its  contents  stain  in  all  shades,  even  remain 
almost  unstained,  and  again  taking  such  a  deep  stain  at  other  times  that  cor- 
tex and  interior  can  scarcely  be  distinguished.  The  uppermost  layer  of  the 
lens  shows  more  voluminous  fibre-sections,  probably  representing  the  thick- 
ened ends  of  the  fibres.    Numerous  fibres  show  their  nuclei. 

An  entirely  different  view  presents  itself  in  the  anterior  half  of  the  lens. 
Fig.  186,  b.  Here  the  capsule  {Ika)  is  followed  internally  by  the  epithelium 
(Up).  Its  cells,  being  cut  obliquely,  appear  much  higher  than  they  really 
are.  The  oblique  section  has  also  affected  the  fibres,  changing  the  regular, 
narrow  cross-sections  into  broad,  irregular  hexagons. 


-^ 


PLATE  86 
Fig.  187— Eye  of  the  Monkey 


Fig.  187.— Eye  of  the  Monkey 

25.     %.     Subliniatt-nitric  nc'id.     Fornuilin.      Piirdtfiii  sirtirm.      Cre«Tl  Wok-t. 

For  the  exnmiiiHtiun  uf  the  minute  structures  of  the  eye,  espocinllv  the 
most  interesting  ant!  iinportnnt  part,  the  retina,  we  shall  use  animal  material 
fur  rcasaaa  stated  Ix-fore.  Although  fundamentally  the  retina  of  nil  mam- 
malia corresponds  to  that  of  man,  thtre  is  one  important  point  of  difference 
between  the  human  and  the  animal  retina.  The  human  retina  is  provided  in 
the  axis  of  the  eye,  viz.,  at  the  point  whereon  the  picture  is  projected,  with  i» 
depression,  the  fovea  centralis.  This  depression  is  lacking  in  the  mnmtiiHl. 
its  place  being  taken  by  the  so-called  area  cenfra/is>  a  modified  portion  of 
the  retina.  An  exception  to  this  rule  is  made  by  the  monkey  only;  his  rvtinn 
a§similates  that  of  man  oven  in  this  respect.  For  this  reason  we  have  selected 
the  eye  of  the  monkey.  By  far  the  best  fixative  for  the  retina  is  a  7,5%  solu- 
tion of  nitric  acid,  to  which  is  added  2.5%  of  sublimate.  After  killing  the 
animal  by  chlorofonn,  we  enucleate  the  globe  in  the  well-known  manner,  being 
careful  to  include  a  0.5-1  cm  long  piece  of  the  optic  nerve.  The  rest  of  the 
nerve  is  fi.\ed  in  formalin  and  used  for  frozen  cross-sections.  The  eyeball  is 
suspended  on  the  stump  of  the  optic  nerve  in  100  cm^  of  the  fixing  solution 
fur  five  to  six  hours,  then  placed  in  repeatedly  changed  10%  formalin  for 
three  to  five  days,  and  carefully  dehydrated  by  graded  alcohols,  starting  with 
lOyf .  It  remains  twenty-four  hours  in  each  of  the  ton  grades  of  alcohol.  In 
llie  absolute  alcohol  we  incise  the  globe.  We  either  divide  it  by  an  equatorial 
section  into  an  anterior  and  posterior  half,  or  we  make  two  parallel  sections, 
taking  off  a  cap  on  eitlier  side,  so  that  a  middle  piece,  of  a  centimetre  thick- 
ness, remains,  cimtaining  the  optic  nerve  and  the  Uns.  The  paraffin  sections 
should  be  so  placed  that  the  fovea  centralis  and  the  papilla  nervi  optici  are 
covered  in  one  section;  the  two  former  razor  sections  must  therefore  be  made 
parallel  to  this  plane.  In  .>rder  to  have  some  top.igraphical  points,  we  may, 
while  the  .■ye  is  yet  iti  lis  natural  position,  nmrk  it  hefore  the  enucleation 
with  a  silver  nitrate  stick,  both  externally  and  internally,  at  the  corneal  bor- 
der, so  that  a  line,  connecting  the  two  points,  would  run"from  the  outer  to  the 
inner  angle  of  tlie  eye.     These  surface  markings  will  •■ven  last  in  the  alcohol. 

Tla^  dehv<lralecl"gh.he  is  placed  in  a  cork.  Hliieh  lias  heen  suffioientiv  hoi- 
l.iwed  t"  re.elv,.  half  of  the  ey.hall,  so  that  tile  line  cmjiecting  our  two  mark- 
ings c<.incidcs  with  the  U])per  edge  of  the  cork.  The  .seclion  can  now  easily  I,,- 
placed;  of  coui'se  it  is  parallel  tii  the  su.face  of  the  cork;  we  may  either  use  a 
^harp  razor  or  scissors  and  pinch  foT■c.■[.^.  avoiding  all  pivssnre  on  the  globe. 
The  specimen  is  now  placed  on  a  glass  plate  upon  (he  cut  surface,  and  the 
.sec.n.l  >eetion  is  made,  paruliel  to  the  Hr-t.  During  this  manipulation  it 
nm-t    lie  k.pl    mni.st  with  ahsohite  ah'oliol,  in  onh^r  lo  prevent   .Irving.      The 
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middle  piece,  which  most  certainly  contains  the  fovea  centralis,  is  replaced  in 
absolute  alcohol  for  twenty-four  hours,  without  removing  the  vitreus,  and  em- 
bedded in  paraffin  in  the  usual  manner.  The  sections  are  controlled  under  the 
microscope  or  with  a  strong  magnifying  glass.  Since  thus  far  our  final  cut- 
ting direction  has  only  been  approximately  defined,  the  block  must  be  turned 
during  the  sectioning  until  the  papilla  and  the  fovea  are  exactly  cut  in  the 
same  plane.  In  favorable  cases  we  may  thus  obtain  ten  sections  of  10  [ii  thick- 
ness, which  contain  the  papilla  and  the  fovea  centralis  in  juxtaposition.  They 
are  stained  in  cresyl  violet  (p.  62)  or  Biondi  solution  (p.  67),  or  after  the 
iron-alum-haematoxylin  method  (p.  57). 

Strucdire  of  (he  Optic  Nerve. 

Our  Fig.  187  reproduces  the  posterior  portion  of  such  a  section.  Turn- 
ing to  the  optic  nerve,  we  find  it  surrounded  by  two  connective  tissue  sheaths, 

the  oater  neurilemma  (aen)  and  the  inner  neurilentma  (in).    The 

space  left  between  the  two  communicates  with  the  subdural  space  of  the  cere- 
brum. A  similar  space,  found  within  the  inner  neurilemma,  is  in  communica- 
tion with  the  arachnoid  spaces  of  the  brain.  The  entire  nerve  is  divided  into 
numerous  longitudinal  compartments  by  septa,  which  are  given  off  from  the 
inner  neurilemma.  The  bundles  of  medullated  fibres  contained  therein  are 
cut  partly  obliquely,  partly  longitudinally;  they  surround  a  central,  con- 
nective tissue  cord,  which  harbors  the  central  artery  and  vein  of  the  retina 
(fcgfj)*  They  have  also  been  cut  obliquely.  At  its  entrance  into  the  globe 
the  optic  nerve  seems  constricted,  because  here  its  fibres  lose  their  medullary 
sheath.  The  loss  of  the  medullary  sheath  is  also  expressed  in  a  change  in 
color  in  our  specimen,  really  more  striking  than  is  reproduced  in  our  draw- 
ing; the  medullated  portion  of  the  fibre  appears  bluish-red,  the  non-medullated 
part  purely  blue. 

Entrance  of  the  Optic  Nerve 
Into  the  Globe. 

At  the  point  of  constriction  the  fibres  must  pass  through  the  sieve  of  the 
lamina  cribrosa  {Icr)^  which,  coming  from  the  sclera,  pierces  into  the  nerve 
with  its  numerous  connective  tissue  fascicles,  dividing  the  fairly  thick  bun- 
dles into  many  smaller  ones.  The  latter  spread  over  the  inner  surface  of  the 
retina  at  the  height  of  the  posterior  retinal  surface,  forming  the  funnel-shaped 
papUla  nervi  optici.  Other  sections  will  show  us  the  distribution  of  the 
central  vessels  from  the  papilla  over  the  retinal  surface. 

Layers  of  the  Retina. 

The  retina,  which  is  wanting  in  the  region  of  the  papilla,  is  closely  ap- 
proximated to  the  strongly  pigmented  chorioid  coat.  Low  power  already 
reveals  the  well-known  layers,  which  stratify  the  organ,  nucleated  layers  al- 
ternating with  non-nucleated.  From  within  outward  they  are:  nerv'e-fibre- 
layer  (w/),  ganglia  cell-layer  (ggl)j  inner  reticulated  layer  (ir),  inner  gran- 
ular layer  (»A')»  outer  reticulated  layer  (a^r),  outer  granular  layer  (aek)^ 
layer  of  rods  and  cones  (Mt-z)^  and  pigmented  epithelium  (pgr).  Of  the  outer 
reticulated  layer  we  may  distinguish  a  separate,  external,  light-blue  band, 
which  is  often  spoken  of  as  Henle^n  fibrous  layer.     In  addition  to  those  men- 


tioned  we  hxvt  two  border  meaibranes,  &  membnuu  ITtnitana  uitem&,  wiucfc 
•eparates  the  rctioa  against  the  «itr«ua,  and  a  membrana  Umitans  externa,  be- 
tween the  outer  granular  and  the  lajer  of  rods  and  oooes. 
F&tftt  Ctnlnlu. 

About  i  nun  from  the  papilla  in  a  temporal  direction  wc  cone  to  the  fovea 
cmtralia,  a  funnel-shaped  depression,  on  the  floor  of  which  we  findi  of  all  the 
rvtinal  layere,  only  the  pigmented  epithelium,  the  rods  and  cones,  the  outer 
granular  and  the  outer  reticulated  [avers. 

L'nder  hi^  power  we  can  divide  the  chorioid  into  an  outer,  strongly  pt^ 
mented  ehorioidea  propria  and  an  inner  cAoriocopiUaris,  which  is  al- 
most free  from  pigment;  the  former  contains  the  coarser  vascular  branches, 
the  latter  the  capillaries.     The  latter  is  bounded  intemullv  by  the  lamina 

ba$ali$,  externally  by  the  lamina  sapraehorioidea,  which  fomu  part  of 

the  »ciera. 

The  connective  tissue  of  the  orbit,  which  is  separated  from  the  sclera  by 
a  spacv,  not  always  visible,  is  partly  shown  in 
contains  the  muscles  (m)i  ciliary  a«r%-es  (a), 


specimen;  it  is  rich  in  fat, 
and  blood-vessels  {bg^). 
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Fig.  188.— Retina  of  Monk^ 


Fig.  18S.~Retina  of  Monkey 

550.      Sublimatc-nibric   acid.      Paraffin   sL'ction.      liiondi  solution. 

For  a  close  exairn'sation  of  the  retinn  we  stain  a  5-10  V-  thick  paraffin  sec 
tion  of  the  previous  specimen  in  Biondi  solution  (p.  67).  We  search  for  i 
place  near  the  fovea  centralis  and  study  it  with  homogeneous  immerNtuD. 

Only  a  small  portion  of  the  chorioid  is  included  in  our  field.     We  see  the 
chorioidca  prapria  witli   its  numerous  large  hlood-vessels   and   its   pigmented 
ccUs.      Internally  it   is   followed  by  the  choriocapUlaris,   its   homogeneousrf 
pink   basic   substance    containing   many    capillaries.      Internally    the    chorioid4 
coat  is  bounded  by  a  thin,  bright  red  lamina  basalis. 

Pigment   Epilhelium. 

The  outer  retinal  layer  (pep}  shows  the  well-known  cuboid  pigment  cellfti 
(p.  31).  The  pigment  is  scanty  in  our  specimen.  It  extends  in  fine  threndR>f 
between  the  rods  and  cones. 

Xeiiroepllhetial  Layer. 

The  neuroepithelial  layer  (its)  follows;  it  presents  a  masa  of  roJa  am 
numerous  cones;  two  cones  are  always  separated  by  two  or  only  one  rod.' 
Tliis  shows  that  our  specimen  has  been  taken  from  the  central  portion  of  the 
retina ;  the  nearer  we  coine  to  the  periphery,  the  less  mmHTOUK  will  be  the 
ones.  Shape  and  structure  of  tlie  rods  ami  cones  are  wvU  deciionst  r.ltcd  in 
our  section.  We  are  able  to  distinguish  between  an  inner  agd  nn  outer 
segment.  Tlie  inner  segment  of  the  rod  {iff.sf)  is  .ahoiit  equuHv  long,  but 
considerably  thinner  th.ni  (!i,i(  of  the  C(me  (ifjh).  Roth  stnln  intensiv,.|y  r.'d, 
the   outer   portion   of   the   inner   segment   being   the   deepest    red.      Knclos.-d    in 


the  iiuier  segment  of  the  rod  i 
ellipsoid  (eh).     The   bittei 
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tending  to  tlic  pigment  epitl 
on  the  contrary,  is  a  short,  c< 
ing   weaker   tliiln   the   outer 
ment   of   the   rod. 


(h.i.r  linuu.lnr  hnyrr. 

'i'he   roils   an<l   the   inner  segments 

on   the  limitans  externa  {h-).     I 

specimen  that  ihey  d.i  not  end  then 
This  eun  be  especiullv  s.iid  of  the  c 
limitans.  forming  a  ,"ell-ljodv.  which 
derneath  the  limitans.      Hevond   the  m 


well  ;is  of  the  cone  we  h.ive  an  oval  botlv 
ofteii  shows  ri  longitudinally  striated,  fibrous 
..f  the  rod  (fight)  is  a  long,  thin  thread,  es- 
iun;.  The  outer  segment  of  the  cone  («^/=). 
ical  peg,  mounted  on  tlie  inner  segment,  stain- 


■gment;   the   latte, 


.  tri 


of  the 


ones  .■ire  mounted  by  tiieir  base 
■  iiotice.l  with  iliffieulty  in  our 
ntiniie  into  the  granular  layer. 
sH.lls  on  the  other  side  of'tho 
ii  niieleLis.  situated  closely  un- 
e  cell  iiiirrows  down  to  a  strong 
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process,  which  can  be  traced  through  the  outer  granular  and  Herders  fibrous 
layers  into  the  outer  reticulated  layer,  where  it  ends  in  a  footlike  thickening 
(zf).  The  entire  formation  is  called  a  cone^ptic  cell,  consisting  of  an 
outer  segment,  an  inner  segment,  including  an  ellipsoid,  the  cone-grain,  cone- 
fibre  and  cone-foot.  The  rod  is  likewise  only  a  part  of  a  rod^Optic  cell, 
but  we  hardly  succeed  in  our  specimen  to  distinguish  all  its  different  parts. 
Beyond  the  limitans  we  might  possibly  recognize  the  continuation  of  the  inner 
segment  into  a  thin  fibre  and  the  relation  of  the  latter  with  tlie  rod-cone,  but 
after  that  our  specimen  fails  to  give  further  information.  The  nuclei  of  the 
rod-optic  cells  form  the  main  bulk  of  the  nuclei,  constituting  the  outer  gran- 
ular layer,  being  found  in  all  regions  of  this  stratum,  while  the  nuclei  of  the 
rod-cells  are  only  found  closely  under  the  limitans.  The  latter  are  smaller 
than  the  former. 

Henle's  Fibrous  Layer. 

The  fibrous  layer  of  Henle  is  mainly  formed  by  the  oblique  or  vertical 
cone-fibres,  but  also  contains  peculiar  cells,  one  being  shown  in  our  section 
(hz).  These  cells  have  processes,  which  mainly  spread  parallel  to  the  surface 
of  the  retina,  connecting  distant  parts  of  the  latter;  they  are  called  hoti* 

xontid  celh. 

Outer  jReticulafed  Layer. 

This  stratum  {aer)^  aside  from  the  horizontal  cells,  contains  the  periph- 
eral processes  of  the  bipolars,  which  will  be  considered  presently.  This 
layer,  in  the  peripheral  portions  of  the  retina,  where  few  cones  are  present, 
cannot  be  differentiated  from  the  preceding,  the  two  merging  into  one 

Inner  Granular  Layer. 

The  inner  granular  layer  presents  mainly  the  so-called  bipoloTB  of  the 
Todt  and  cones.  The  cell-body  (bipi)  surrounds  a  round  or  oval  nucleus; 
it  sends  a  fairly  strong  process  {hip^)  peripherally  into  the  outer  granular 
layer,  which  ends  in  the  outer  reticulated  or  in  Herders  fibrous  layer  in  a 
foot  piece.  Centrally  the  cell-body  gives  off  a  finer  process  (Wp.i),  which,  in 
our  specimen,  becomes  lost  in  the  inner  reticulated  layer.  Furthermore  we 
find,  especially  in  the  deeper  regions  of  the  inner  granular  layer,  cells  con- 
taining large  nuclei;  they  are  the  atnakrine-cellB  (oz)  ;  about  their  form 
nothing  definite  can  be  learned  from  our  specimen.  Blood-vessels  are  found 
in  the  inner  granular  layer,  as  well  as  in  the  deeper  layers.  They  are  branches 
of  the  central  artery  and  vein  of  the  retina,  which  we  met  when  discussing 
the  papilla  nervi  optici ;  piercing  thnnigh  the  latter,  they  reach  the  inner  sur- 
face of  the  retina.  In  other  sections  we  will  meet  their  capillaries  in  the 
outer  granular  layer.  They  never  trespass  on  the  limitans  externa,  leaving 
the  neuroepit helium  always  avascular. 

Inner  Beiicnlaied  Ixiyer. 

The  sul)Ni*quent  inner  reticular  layer  forms  a  chaos  of  fibres,  which  re- 
sist any  segregation.  Only  one  kind  of  fibres  can  be  followed  with  some  sort 
of  certainty.  They  are  thicker  or  thinner  fibres,  crossing  the  layer  trans- 
versely and  enlarging  within  the  inner  granular  layer  to   form  a  nucleated 


ccU-body.  These  MueUer'g  fibres  {mi)  are  the  supporting  elements  of  the 
retina.  They  arise  hy  several  feet,  as  our  section  illustrates  very  nicelj,  from 
the  liroitans  interna  (/t),  cross  every  retinal  layer  up  to  the  neu  roe  pit  helium, 
ending  in  the  limitans  externa.  Their  entire  course  can  be  traced  in  section? 
taken  from  thf  peripheral  regions  of  the  retina.  The  two  Jimitantes  arc  simpiv 
the  outer  «nd  inner  endings  of  Mueller'n  fibres,  intimately  united  in  planes. 
Mueller's  fibres  thus  serve  to  support  the  organ  and  to  isolate  its  elements. 
Layer  of  Ihe  Ganglia  Cells. 

In  the  ganglia  layer,  following  externally,  we  find  many  large  ganglia 
cells.  Their  body  is  rounded  or  edged,  and  always  contains  the  basophilic 
granules,  wliich  we  have  met  before  (page  II,  121).  The  nucleus  is  large,  round 
and  shows  distinctly  basophilic  chromatin.  The  nearer  the  section  to  the 
macula,  the  more  numerous  will  be  these  cells,  until  finally  they  become  strat- 
ified in  several  rows.  Toward  the  periphery  they  become  scanty,  lying  singlr 
at  greater  distances  and  finally  disappear  altogether. 

N.-rL-e-FibTe  Layer.  ^ 

This  last  layer  of  the  retina  is  fairly  broad  in  our  specimen ;    it   grv^r 
narrower  as  we  recede   from  the  papilla  nervi  optici.     It  consists    of   non-' 
ineduUated   nerve-fibres,   as   we   learned  during  our  previous   study    of    this 
papilla. 
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Fig.  189. — Retina  of  the  Guinea-Pig 
Fig.  190. — Ganglia  Cells  from  the  Retina  of  the  Guinea^Pig 


Fig.  189.~Retiiia  of  the  Guinea-Pig 

600.     Vital  irothjlene  blue  staining.     Chop  method. 

While  the  preceding  specimen  has  given  us  quite  an  explicit  demonstra- 
tion of  the  wonderfully  complicated  structure  of  the  rttina,  a  few  points  re- 
main which  deserve  further  elucidation.  To  complete  our  study,  we  will 
therefore  employ  the  vital  methylene  blue  process,  which,  when  used  on  proper 
animals  in  the  correct  manner,  probably  furnishes  the  best  spccitnens  for 
demonstrating  the  structure  of  the  retina.  Cat  and  rabbit  seldom  yield  use- 
ful specimens,  the  guinea-pig,  on  the  other  hand,  almost  alw«ys  gives  good 
results.  It  is  difficult  to  say  why  this  should  be  so;  probably  it  is  due  to  the 
manner  of  blood-supply  of  the  retina.  The  process  is  conducted  in  the  man- 
ner described  on  p.  60,  observing  the  fact  that  too  much  dye  cannot  be  pos- 
sibly introduced  into  the  anhnal  body.  The  conjunctiva  must  appear  dark 
blue.  After  the  injection  the  animal  is  again  left  undisturbed  for  half  nn 
hour.  The  globes  are  then  enucleated  and  bisected  into  an  anterior  and  pos- 
terior half  by  an  equatorial  section,  which  is  started  by  the  razor  about  2-3 
mm  behind  the  corneoscleral  border  and  finished  with  the  scissors.  The  pos- 
terior hemisphere  is  grasped  with  forceps  at  the  stump  of  the  optic  nerve,  and 
the  latter  cut  off  with  the  scissors  so  closely  to  the  sclera  that  a  part  of  that 
structure  Is  included.  After  transferring  the  specimen  in  a  large  vessel,  con- 
taining Uintfers  fliiid.  .it  liody  tempeniture,  we  lind  tlial  ligjit   shaking   with 
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Details  of  the 
Structure  of  the  Retina, 

Surface  views  as  well  as  transverse  are  present  in  a  well-chopped  speci- 
men. Our  picture  shows  one  of  the  latter.  We  arc  surprised  by  the  minimal 
thickness  of  the  organ.  Outer  and  inner  granular  layers  are  separated  by 
only  a  very  thin  fibrous  and  reticular  layer.  Upon  the  background  of  light 
blue  nuclei  we  find  a  few  cells,  stained  in  intense  blue  color,  which  can  be 
traced  in  all  their  ramifications.  A  new  structural  peculiarity  presents  itself 
on  the  aater  gegmentB  of  the  rodt  {sta).  They  appear  transversely 
striated,  as  though  composed  of  superimposed  plates.  What  we  really  have 
is  a  postmortal  maceration,  induced  by  the  long  interval  between  the  death  of 
the  animal  and  the  fixation  of  the  material.  Rods  and  cones  are  seldom  stained 
throughout.  The  specimen  shows,  better  than  our  drawing  reproduces,  how 
small  fibrils  rise  from  the  bodies  of  the  rods,  respectively  cofie-opfico/  ce//t 
(stz^  zz)^  which,  densely  surrounding  the  inner  segntent  («^t»  2)9  advance 
into  the  outer  segment.  The  rod-fibres  and  cone-fibres  are  always  very  dis- 
tinctly seen.  The  former  end  in  the  inner  reticulated  layer  in  small,  button- 
like swellings,  the  latter  in  the  previously  mentioned  foot-ending. 

Horizontod  CbIIb  (hz)  are  represented  in  large  amounts.  Their  pro- 
cesses can  be  traced  far,  surrounding  in  their  course  the  button-shaped  ends 
of  the  rod-fibres  and  the  feet  of  the  cones. 

The  rod  and  cone  bipolars,  found  in  the  inner  granular  layer,  do  not  dif- 
fer much  among  themselves,  but  are  slightly  different  in  shape  from  those  of 
the  monkey.  The  peripheral  process  is  considerably  shorter,  often  double; 
from  its  end  arise  numerous  fine  filaments,  which  appear  to  contain  the  end- 
granules  of  the  rod-fibres  or  one  foot  of  a  cone-fibre.  The  central  process, 
which  is  always  thinner  in  the  rod  bipolars  than  in  the  cone-bipolar s,  can  be 
traced  into  the  inner  reticulated  layer,  where  it  terminates  in  short,  claw- 
shaped  branches. 

Very  important  information  is  given  by  our  specimen  regarding  the 
amakrine  cells  and  the  ganglia  cells.  The  anuikrine  cellt  {az)  are  espe- 
cially found  in  the  deeper  regions  of  the  inner  granular  layer;  the  cell-body 
is  rounded,  pyriforin  or  hood-shaped.  It  either  gives  off  one  thick  process, 
which  breaks  up  in  the  inner  reticulated  layer  into  numerous,  horizontally 
spread  branches,  or  it  gives  off  several  processes  directly  from  the  body  of 
the  cell,  which  penetrate  the  inner  reticulated  layer  in  a  different  manner. 
Since  the  horizontal  spreading  of  the  first-mentioned  amakrines  takes  place  at 
different  heights  of  the  inner  reticulated  layer,  these  cells  are  also  called  the 
stratifying  in  contradistinction  to  the  other  diffuse  amakrines.  While  in  all 
other  retinal  cells,  corresponding  to  most  all  true  nerve-cells,  we  can  divide 
the  processes  into  dendrite-  and  neurite-formed,  or  such  that  have  a  centripetal 
and  a  centrifugal  course,  such  classification  cannot  be  maintained  in  the 
amakrines,  since  they  possess  but  one  sort  of  process. 

The  ganglia  CcUm  (glz)  of  the  retina  are  shown  here  in  their  true  form. 
They  are  huge,  rounded,  oval  or  irregular  cell-bodies,  sending  out  several 
strong  dendrites,  the  ramifications  of  which  largely  constitute  the  fibrous 
chaos  of  the  inner  reticulated  laver.  Here  the  dendrites  are  in  intimate  rela- 
tion  with  the  processes  of  the  amakrines  and  furthermore  with  the  central 
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processes  of  the  roii  and  cone  bipolars.  Each  ganglia  cell  sends  a  neurite  to 
the  inner  surface  of  the  retina^  into  the  nerve-fihre  layer,  which  then  consti- 
tutes a  fibre  of  that  layer;  the  fibres  of  the  optic  nerve  are  thus  simply  the 
nerve-processes  of  the  ganglia  cells  of  the  retina. 


Fig.  190. — Ganglia  Cells  from  the  Retina  of  the  Guinea-Pig 

600.     Vital  methylene  blue  process. 

The  numerous  surface  views  found  in  our  specimen  also  offer  interesting 
pictures  of  the  retina.  Our  picture  shows  a  ganglia  cell  and  its  process.  We 
are  now  able  to  appreciate  how  large  an  area  is  covered  by  such  a  cell,  how 
it  collects  stimuli  in  its  body  from  remote  portions  of  the  retina,  which  arc 
conveyed  to  its  dendrites  (dt)  by  the  central  processes  of  the  rod-bipolars. 
The  very  minute  branches  of  the  dendrites  generally  appear  beaded,  as  if 
studded  with  varicosities.  These  formations  are  artifacts,  due  to  disintegra- 
tion of  fine  nerve-fibrils. 

The  fibres  of  the  nerve-fibre  layer  are  arranged  in  thinner  or  thicker 
bundles,  into  which  the  ganglia  cells  send  their  neurites  (nt). 
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Fig.  191.— Cornea  of  the  Sheep 
Fig.  192.— Cornea  of  the  Cat 
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Fig.  191.— Cornea  of  the  Sbeep 

800.     %.     Gold  chloridc-cil ric  acid.     Fonn«Iin.     Froicn  section. 

Corneal  Corpuscles . 

Two  ndditional  specimens  will  Rcquaint  us  with  some  details  regarding 
the  fitnicturc  of  thu  cornea.  The  cornea  of  a  large  animal  or  of  man  \* 
treated  with  the  goid  cWoridc-citric  acid  method,  as  described  on  p.  72.  Thv 
comca  of  the  sheep,  for  instance,  must  remain  at  least  fifteen  minutes  in  ri 
largi-  (itiiifitily  of  citric  acid,  and  not  less  than  an  hour  in  the  gold  solution. 
Under  fnrorahle  light  conditions  the  reduction  should  he  completed  in  twentv- 
four  hours.  We  transfer  to  5%  formalin  for  twenty-four  to  forty-eiglit 
hours,  incise  the  organ  from  the  periphery  to  the  centre,  and  freeze  it  on  the 
free/.ing  cylinder  of  the  microtome.  The  sections,  which  cover  the  etitir«  ear- 
luce  of  the  cornea,  are  mounted  in  levulose. 

Previously  we  found  numerous  nuclei  in  the  corneal  substantia  propria 
without  receiving  any  information  as  to  the  shape  of  their  cells,  the  corneal 
corpUfcW.  Our  specimen  shows  them  to  be  stellate  cells.  Numerous  processei 
leave  the  flat  cell-body,  which  anastomose  with  their  neighbors,  thu^  form- 
ing a  rich  cellular  net,  covering  the  entire  substantia  propria.  This  cclluUr 
net  is  suspended  in  a  system  of  canals,  formed  by  the  connective  tissue  of  lh« 
substantia  propria,  which  is  of  vast  importance  for  the  nutrition  of  the  avas- 
cular  cornea. 

■I'liu  iKrvo,,  oC  tiK  luini^a  luv.  .-.I.,,,  ,]vmoi,.i rated  quite  n-ell  l.y  the  ^ikliii- 
process,  but   wiii    receive  siHciul   (■(^n^i(il-l■utioll   111   ,i   Mibse(iuent    speciiii.'ii. 


Fig.  192. — Cornea  of  the  Cat 

1-50.      ■■■',.      Vital  iLRlhv!em-  \>\m-   >lainii 
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i  i)e  <luiiion,stratcd    so   well 
,  tlu'  latter  offorinfj  flu' 


Nrrvr>i    of   Ihr    Cornra. 

In  nn  other  jiortion  of  the  body  can  the  i 
hv  tiie  vital  methylene  blue  i>rocess  as  in  the 
h.-.l  oh.iLct  in  all  Ml.-h  exi-Tini-nl...  a,  huve  been  <^e^^■|■ibed  < 
r.jTi^iiliTed,  To  avoid  a  drying'  of  the  oiiler  eonival  layers,  we  rocoinniend 
nioi.leiiinK  the  or^an  from  lime  to  time  with  Rii»j,r\'<  ikud;  a  >lill  better  plan 
is  to  ,'lose  tlie  eyelids  with  artery  eliji.s  liuriri;,^  the  proee>s  (p.  TG).  After 
enuehalinfi  <1"'  «'"'*<■,  the  anterior  i)orlion  of  it  is  cut  off:  lens,  ciliarv  bodv 
and  iris  are  remove.!  with  tissue  forceps.  Afler  the  corn.'a  has  been  riat- 
telied  by  a  ra.liul  seefion  il  is  placed  on  a  slide,  mrji.-tened  with  Uingcr's  fluid. 
and  fransfernd  to  the  moist  cliaiiiher  for  liiniiiij.     Th,.  latter  takes  place  in  a 
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short  while.  Fixation  and  dehydration,  as  usual  (p.  62).  The  best  pictures 
are  obtained  from  the  cornea  of  small  animals,  up  to  and  including  the  cat. 
The  entire  specimen  is  brought  under  cover  with  Canada  balsam;  a  lead-ball 
may  be  placed  on  the  cover-glass  for  a  few  days,  to  flatten  the  cornea. 

A  large  amount  of  nerve-trunks  are  seen,  radiating  from  the  sclera  into 
the  cornea,  one  of  which  ( n)  is  reproduced  in  our  picture.  Between  the  nerve- 
trunks  we  also  see,  coming  from  the  pigmented  Mclera  (p)>  blood-capillaries, 
entering  the  corneal  basic  substance,  where  they  terminate  in  loops  (ctchl). 
The  nerve-trunk  at  once  breaks  up  into  a  coarsely  meshed  boMC  pleXMiM 
situated  in  the  deep  corneal  layers  (grpl).  From  it  the  fibres  rise  toward  the 
epithelium,  pierce  Bowman^t  membrane,  and  form  a  secondary,  mhepithe^ 
lUd  plexUM  {'^ppl)^  whence  the  fibrils  enter  the  epithelium  (^p),  ramify  be- 
tween the  cells  of  the  latter  and  terminate  freely.  Our  picture  shows  all  these 
formations,  projected  in  one  plane.  The  fine  network  represents  the  blue- 
stained  cement  substance  of  the  deepest  layer  of  the  epithelium.  The  termina- 
tion of  the  fibres  of  the  subepithelial  plexus  between  the  cells  of  the  anterior 
corneal  epithelium  can  be  studied  more  conveniently  on  cross-sections,  which 
are  made  of  the  cornea  of  the  other  side,  previously  embedded  in  paraffin. 
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Fig.  193— Upper  Eyelid  of  ChUd 


Fig.  193 —Upper  Eyelid  of  Child 

15.     Formalin.     Frozen  section.     Carmalum.     Sudan.     Picroindigcarmin. 

The  best  objects  for  the  study  of  the  eyelid  are  obtained  from  the  lid  cf 
the  child,  fixed  in  10%  formalin.  Frozen  sections  are  stained  in  carmalum 
(p.  55)  for  fifteen  minutes,  then  counterstained  equally  long  in  an  alcoholic 
solution  of  Sudan  (p.  66),  and  ten  minutes  in  picroindigcarmin  (p.  67). 
After  rinsing  in  water,  we  mount  in  levuiosc. 

Struct  lire  of  the  Eyelid, 

Our  section  shows  a  cutaneouM  portion  and  a  conjunctival  portion. 

Between  these  two  we  find  striated  muscle  and  adipose  connective  tissue.  The 
cutaneous  portion  shows  all  the  peculiarities,  with  which  we  will  be  acquainted 
later,  when  discussing  the  body  integument.  It  is  covered  by  a  stratified 
horny  epithelium,  the  epidermiM  (epid).  The  latter  also  encloses  the  free 
edge  of  the  lid,  merging  on  the  other  side  of  it,  at  the  inijer  surface  of  the 
lid  (X)  into  the  epithelium  of  the  conjunctiva.  The  epidermis  is  followed 
internally  by  the  corium  {co)y  which  is  flatly  approximated  to  the  former, 
without  the  formation  of  papilla*.  This  layer  as  well  as  the  succeeding  gub^ 
cutis  are  composed  of  connective  tissue.  The  cutaneous  part  of  the  lid  con- 
tains numerous  small  hairs  and  sebaceous  glands.  We  also  find  numerous 
blood-vessels  {bg)y  with  their  deep  yellow  contents  and  bright  red  fat- 
lobules  (/).  At  the  outer  edge  of  the  lid  cilia  (ci)  project  from  the 
cutaneous  portion,  strong  hairs,  arranged  in  two  or  three  rows.  Their  fol- 
licles extend  into  the  muscular  layer  and  are  accompanied  by  sebaceous  and 
sudoriferous  glands,  the  so-called  glandM  of  Moll  (modr)^  which  differ  from 
the  ordinary  sweat-glands  of  the  skin  by  their  greater  tortuosity  and  wider 
lumina;  they  open  into  the  outer  end  of  the  ciliary  follicles. 

The  mucous  membrane  of  the  lid,  the  conjunctiva  palpebrae,  lines  the 
inner  surface  of  the  lid,  merging  into  the  conjunctiva  bulbi  at  the  fornix.  It 
is  covered  by  a  simple  layer  of  cylindrical  epithelium  {epco)y  which 
merges  into  the  epidermis  of  the  lid  at  the  place  marked  (X)?  not  at  the 
inner  edge  of  the  lid.  The  conjunctival  epithelium  always  contains  numerous 
goblet  cells.  It  is  mounted  on  a  connective  tissue  proprioy  which  is  better 
developed  in  the  fornix  of  the  lid,  i.e.,  the  upper  third  of  our  specimen;  in 
the  lower  two-thirds  it  soon  merges  into  a  powerful,  thick,  connective  tissue 
plate,  the  cartilage  of  the  lid  or  the  tarsus  (t).  This  formation  has 
nothing  in  common  with  cartihige,  consisting  merely  of  thick,  tightly  cemented 
connective  tissue  fibres.  Hence  it  stains  deep  blue.  Within  the  tarsus  we 
notice  an  elongated  Meibomian  gland  (mbdr)^  studded  with  numerous 
lateral  alveoli.     This  is  merely  an  immensely  developed  sebaceous  gland;   its 
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fatty  contents  are  stained  intensely  red  with  sudan;  they  represent  what  is 
called  eyebutter.  It  opens  (ag)  externally  to  the  inner  edge  of  the  lid. 
Above  the  Meibomian  glands  we  find  masses  of  tubular  glands  with  light  cells, 
the  ducts  of  which  open  at  the  surface  of  the  conjunctiva.     They  have  been 

called  acceBMory  tear  glandg  (atr)^  or  Krcmse^M  glands. 

Between  the  cutaneous  and  the  conjunctival  portion  we  find  an  interposed 
striated  muscle,  the  orbicularis  OCttli  (moo).  The  fibres  are  cut  trans- 
versely, uniting  to  form  larger  or  smaller  bundles,  which  are  arranged  in  a 
single  row,  crossing  the  entire  width  of  the  lid.  The  lowest  part  of  the 
muscle,  situated  between  the  cilia  and  the  edge  of  the  lid,  is  termed  the  ciliary 
muscle  of  Riolan,  The  muscle  is  separated  from  the  palpebral  conjunctiva 
by  a  fatty,  partly  thickened  connective  tissue,  the  palpebral  fascia  (fp).  It 
also  contains  obliquely  cut,  smooth  muscle  fibres,  the  tarsal  muscle  {mt). 
The  fascia  gives  attachment  to  the  terminal  tendon  fibres  of  the  levator 
palpebne  superioris. 
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Fig.  194. — ^Auditory  Organ  of  a  Young  Cat 
Fig.  195. — Ductus  Cochlearis  of  a  Young  Cat 


Fig.  194. — Auditory  Organ  of  a  Young  Cat 

16.      •54.      Chromic-osraic-acclic    ucid.      Paraffin    section.      Iron-alum- 
hvnintoxylin. 

The  technical  preparation  of  the  auditory  organ  is  probably  even  mOT*- 
difficult  than  that  of  the  optic  organ.  Thi-  membrBOOUs  labyrinth,  which  con- 
tains the  most  important  pari,  the  sensory  receiving  station,  is,  in  the  adult 
human  being,  situated  deeply  in  the  petrous  portion  of  the  temporal  bone,  thuis 
being  hardlv  accessible  to  the  fixing  solutions.  The  younger  the  individual, 
the  better  are  our  chances  for  technical  work.  The  essential  parts  of  the 
membranous  labyrinth,  as  regards  structure  and  arrangement,  show  very 
flimilar  conditions  in  the  mammal  to  those  in  man.  For  these  reasons  we  will 
select  the  easily  secured  and  comparatively  easily  prepared  auditory  or^ns 
of  kittens,  during  the  first  few  days  after  birth.  The  technique  of  taking 
out  and  opening  the  organ  has  been  previously  discussed  (p.  II,  144),  The 
iipecimcn  is  suspended  for  three  to  five  days  in  about  SO  cm.^  of  a  chromic- 
uitniic- acetic  acid  solution  (p.  30),  the  solution  being  renewed  on  the  secood 
iind  possibly  also  on  the  third  day.  After  washing  in  running  water  for 
twenty-four  hours,  we  dehydrate  cautiously  in  graded  alcohols  and  embed 
in  paraffin.  Previously  to  embedding  wo  make  sure  of  the  direction  of  sec- 
tion, since  it  is  of  importance,  to  cut  the  cochlea  in  the  axis  of  the  modiolus  ; 
only  those  sections  which  go  through  this  plane  will  furnish  useful  specimens 
for  the  beginner.     After  pasting  tlie  par^iHin  sections  on,  we  stain  them  nfter 


the  iron-Hluni-hs-matoxyJin 
give  different  pictures.  !■'< 
through  the  centre  of  thi' 

OroKS  Slnich.re 
of   Ihe   Coiliha. 

The  greatest  part  of 
surrounded  by  a  very  tliii 
meatus  ucusticus  internus 
nerve  with 


method  (p.  5: 
r  our  descripti 


).      The% 


rions.  of 
,  going  s 


.chief 


traight 


tudinal 

it  is  quite  an 
within  the  c( 
cochlear  capi 
which,  as  we 


our  section  is  occupied  by  the  c 
1,  bony  capsule   {A').      .\  short   spi 

(pei)  enters  the  latter.  It  harboi 
ions,  the  cochlear  nerve   ("<•),  show 


i.     tlK' 

the  auditory 

The 


I,  and  tlte  vestibular  nerve,  pre.-ented  in  cross-section, 
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outiT  wall,  projt'ctinp  otilv  part  ol  tlic  way  into  the  bony  cochlear  canul. 
In  our  specimen  it  is  but  weakly  developed,  rencliing  its  best  development  in 
llic  hnsa]  turn  (hpo).  Here  v>v  cnn  rc-cof^ize  very  plainly  that  it  consists 
of  two  Icnvea,  There  is  a  small  canal  left  tictween  the  two  leaves,  which 
opens  posteriorly  into  a  somewhat  wider  canal  situated  in  the  wall  of  the 
modiolus,  ascending  spirally  within  the  same.  The  latter  is  the  gpirol  COnol 
(cup).  It  contains  the  cellular  mass  of  the  ganglion  Mpirale  (j73*p)»  which 
internally  is  in  connection  with  the  cochlear  nerve  and  externally  sends  its 
fibres  into  the  cochlear  canal. 

The  lamina  spiralis  ossea  is  covered  by  a  pad  of  connective  tissue,  the 
limbuM  laminae  spiraliBf  tapering,  it  reaches  the  outer  wall  and  merges 
into  a  triangular  mass  of  connective  tissue,  covering  the  interior  surface  of 
tlie  outer  wall  of  the  cochlea,  the  ligamentum  gpirale  (/*;»)•  An  addi- 
tional, much  thinner  membrane,  Hci»atier'a  membrane  [mr^,  stretching  from 
the  limbus  lamins  spiralis  obliquely  over  to  tlie  other  end  of  the  ligamentum 
Gpirale,  helps  to  divide  the  interior  of  the  bony  cochlear  canal  into  three 
adjacent  cannl-like  spaces.  The  wcala  tymponi  ("<■'//)  starts  blindly  at  the 
membrana  tympani  secundaria  ('//').  cov^^ring  the  round  window;  it 
ascends  spirally  in  the  cochlear  canal,  merging  at  the  summit  of  the  cochlea 
into  the  Mcala  VeMtibtdi  (*ev),  which  descends  in  a  similar  manner  and  opens 
into  a  lyrnc.h-space,  situated  between  the  membranous  labyrinth  and  Ihc 
lateral  wall  of  the  bony  vestibulum  (within  the  latter),  the  cistema  peri' 
lymphatica.  Between  the  two  stalw  a  third  canal  appears,  the  membranous 
cochlear  canal,  ductus  COcMeoris  (dco).  It  starts  blindly  in  the  reccssus 
coelilearis  of  the  vestibulum,  runs  between  the  two  scalie  to  the  apex  of  the 
cochlea,  where  it  ends  blindly.  As  we  know,  it  communicates  by  a  narrow 
canal,  the  canalis  reuniens,  with  the  sacculus. 

The  ductus  cochh-aris  is  the  most  important  part  of  the  membranous 
labyrinth.  It  contains  the  auditory  end-apparatus,  Corti't  organ.  The 
latter  appears  as  a  mass  of  cells  in  each  turn  of  the  cochlea,  being  implanted 
upon  the  membrana  biinluriii,  i.e.,  the  tympanic  wall  of  the  cochlear  duct; 
in  its  entirety  it  thus  forms  a  spiral  band.  The  blind  end  of  the  vestibule 
and  the  blind  end  of  the  cupula  cochles  lack  these  ncrve-endinga. 

Euttachian   Tube  and 
Tympanic    Cariiy. 

At  the  left  of  the  cochlear  apex  a  narrow  tube  opens,  lined  by  a  double 
row  of  ciliated,  cylindrical  epithelium,  the  tuba  aaditiva  ('u).  Blood- 
vessels and  nerves  (ramus  tubn-  {rtu))  appear  in  its  wall.  At  the  ostium 
tytnptutieatn  ("'.'/)  ""^  liif^h  tubal  epithelium  changes  into  the  low,  cuboid 
epithelium  (epty)  of  the  tympanic  cavity  (tijf). 

Bony  and   Membranous 
A  mpiilla. 

Of  the  remaining  parts  of  the  membranous  auditory  organ  our  section 
shows  an  ampulla  [amp).  In  the  young  specimen  it  fills  the  bony  ampulla 
almost  entirely.  Later  on  this  condition  changes,  a  cleft  remaining  between 
the  roof  of  the  membranous  ampulla  {damp)  and  the  wall  of  the  bony  am- 
pulla, a   perilymphatic   &pace,   which   communicates   with   tlie   corresponding 
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spaces  in  the  semicircular  canals  and  with  the  cisterna  perilymphatica   of 
the  vestibule.     The  beginning  of  this  cleft  can  be  seen  here  at  one  place, 
the   ampulla  wall,   a  thin,   connective  tissue  membrane,   becoming  detached 
from  the  periosteum  of  the  bony  ampulla;  only  at  the  floor  of  the  ampuUa 
they  always  remain  in  contact;  here  the  ampullar  wall  forms  a  protuberance, 
appearing  like  a  peg,  but  really  being  more  of  the  nature  of  a  moulding,  the 
crista  acustica  (cr)  ;  the  crista  is  based  on  a  low  pedestal,  the  planum 
semilunare  {pis).     The  nerve  of  the  ampulla,  a  branch  of  the  vestibular, 
enters  the  ampulla  at  this  point,  ending  in  the  epithelium,  covering  the  crista 
acustica.    This  epithelium  is,  as  we  may  observe,  under  high  power,  a  sensory 
epithelium.     It  consists   of  cylindrical,  supporting  or  stay  cells,  which 
extend   across   the  entire  thickness  of  the  epithelium,  and  of  bottle-shaped 
hair^cellSp  which  extend  from  the  surface  to  about  the  centre  of  the  layer, 
sending  out  fine,  long  hairs  from  their  free  ends,  which  are  in  close  approxi- 
mation, forming  the  peculiar,  hood-shaped  cupula  terminolis  (cut)  of  the 
crista.     At  the  sides  of  the  crista  the  sensory  epithelium  gradually  merges 
into  the  simple  cylindrical  epithelium  of  the  planum  semilunare,  which  changes 
to  the  simple  flat  epithelium,  covering  the  entire  remaining  portion  of  the 
ampulla  as  well  as  the  semicircular  canals,  the  sacculus  and  the  utriculus, 
excepting  the  space  occupied  by  special  nerve-endings.     At  the  roof  of  the 
ampulla,  obliquely  opposite  the  apex  of  the  cupula,  we  find  a  narrow  stripe 
of  cuboid  epithelium,   which,   as  a  raphe   (ra)   extends  through  the  semi- 
circular canals. 

Other  sections,  which  did  not  fall  in  the  axis  of  the  cochlea,  will  show 
us  the  other  parts  of  the  membranous  labyrinth,  sacculus,  utriculus  and 
semicircular   canals. 


Fig.  19S. — Ductus  Cochlearis  of  a  Young  Cat 

150.     Chromic-osmic-acetic  acid.     Paraffin  section.     Iron-alum-haematoxylin. 

Using  a  high  power  lens,  we  will  inspect  a  single  turn  of  the  cochlea. 
Little  can  be  said  about  the  two  seal®;  they  are  lined  by  a  simple  layer  of 
very  low,  flat  cells.  The  ductus  cochlearis  does  not  appear  in  its  natural 
position  in  our  section,  but  is  turned  90^,  so  that  we  must  imagine  that  the 
cochlear  axis  is  standing  erect  and  to  the  left  side;  the  scala  vestibuli  is 
above,  the  scala  tympani  below,  the  outer  wall  to  the  right. 

Reissners  Membrane. 

Reissner^s  membranej  separating  the  ductus  cochlearis  from  the 
scala  vestibuli,  arises  from  the  limbus  lamina?  spiralis  (llsp)^  ascends  obliquely 
upward  and  outward  and  becomes  attached  to  a  small  protuberance  of  the 
outer  wall,  the  crista  Reissneri  (cr).  The  membrane  consists  mainly  of 
two  layers  of  cells;  the  upper  one  forms  the  epithelial  lining  of  the  scala 
vestibuli,  the  lower  also  consists  of  flat  cells  and  on  both  ends  of  the  mem- 
brane merges  into  the  epithelium  of  the  outer  wall,  respectively  the  tympanic 
wall.    Between  the  two  layers  of  cells  wo  find  scanty  connective  tissue  fibrils. 
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Ligamentum  8 pirate. 

Of  the  outer  wall  of  the  ductus  cochlearis,  the  ligamentum  spirale,  only 
part  appears  in  our  picture.  It  forms  a  crescent-shaped  or  spherically 
triangular  mass  of  connective  tissue,  which  is  mounted  on  the  inner  surface 
of  the  bony  outer  walL  It  can  be  traced  above  into  the  scala  vestibuli, 
below  into  the  scala  tympani;  three  projections  are  noticed  on  its  inner 
circumference:  the  crista  Reissneri  (cr)  at  the  border  between  scala  vesti- 
buli  and  ductus  cochlearis  and  the  crista  Spiralis  (csp)  at  the  border 
between  scala  tympani  and  ductus  cochlearis.  Between  these  two  we  can  find 
a  rounded  protuberance,  the  prominentia  Spiralis  (p^p)«  It  divides  the 
region  of  the  ligamentum  spirale,  situated  within  the  cochlear  duct,  into  an 
upper  part,  the  stria  Vascularis  {strv)^  and  a  lower  portion,  tHe  sulcus 
Spiralis  externus  (sspe).  The  ligamentum  spirale  mainly  consists  of  con- 
nective tissue,  the  bundles  of  which  largely  converge  toward  the  crista 
spiralis.  The  cells,  found  between  the  bundles,  branch  extensively  and  anas- 
tomose among  themselves.  Between  the  connective  tissue  and  the  epithelium 
of  the  ductus  cochlearis,  in  the  region  of  the  stria  vascularis  (strv)  and  the 
prominentia  spiralis,  we  have  a  manifold  growth  of  tissue.  Thus  we  find  in 
the  stria  vascularis  a  vascular,  epithelioid  tissue,  which  is  walled  off  internally 
by  a  simple  layer  of  pavement  epithelium.  At  the  prominentia  spiralis, 
which  always  carries  a  small  blood-vessel,  the  connective  tissue  cells  directly 
gain  the  surface,  pushing  aside  the  epithelial  cells.  In  the  sulcus  spiralis 
externus  {sspe)  we  again  find  cuboid  epithelium,  which  forms  the  transitional 
link  to  the  epithelium  of  the  tympanic  wall. 

Limhus  Lamince  Spiralis  and 
the  Memhrana  Tectoria, 

We  will  begin  the  discussion  of  the  latter  from  within,  starting  with  the 
limbus  laminae  spiralis  (lisp).  It  presents  a  mass  of  connective  tissue, 
similar  to  that  of  the  ligamentum  spirale,  the  bundles  converging  inward,  as 
though  they  would  join  those  of  the  crista  spiralis.  The  limbus  projects  into 
the  cochlear  duct  like  a  mountain,  from  the  summit  of  which  a  membrane 
extends  like  a  bridge  over  to  the  epithelium  of  the  tympanic  wall;  this  is  the, 
membrcma  tectoria  (^0  ^  the  valley,  over  which  it  is  suspended,  is  the 
sulcus  spiralis  internus  (sspi).  Below,  between  the  epithelium  of  the  scala 
tympani  and  the  limbus,  we  see  the  nerve-fibres  (n)  emerging  from  the 
ganglion  spirale  and  running  to  the  ductus  cochlearis.  The  epithelium  of  the 
limbus  shows  different  pictures  in  the  various  sections.  This  is  due  to  fur- 
rows, found  numerously  on  its  surface,  which  go  from  within  outward  and  are 
lined  by  epithelium.  This  results  in  a  thick  layer,  when  the  section  is  made 
deeply  in  a  furrow,  a  very  thin  layer,  when  made  superficially.  Here,  too, 
we  find,  as  we  did  in  the  prominentia  spiralis,  a  mixed  growth  of  epithelium 
and  connective  tissue.  The  cuboid  epithelium  of  the  sulcus  spiralis  internus, 
on  the  one  hand,  and  the  cells  of  Claudius  (^cl)  joining  the  epithelium 
of  the  sulcus  spiralis  externus,  on  the  other  hand,  finally  bring  us 
to     the      receiving     portion     proper     of     the     cochlear     epithelium,      the 

organ  of  Corti. 


Organ  of  Corti. 

T)io  organ  of  Corti  rests  an  the  membrana  banlttrtM  (m!)),  stretching 
from  the  limbus  lamina  spiralis  to  tlip  crista  spiralis.  The  membrane  la  a 
<'ontinuation  of  the  connective  tissue,  constituting  these  parts;  it  consists 
of  mimy  radiating,  strong  fibres,  the  auditory  strings,  which  appear  in 
longitudinal  view  in  our  specimen.  Sections,  which  are  not  made  thrau^ 
the  cochlear  axis,  will  show  them  in  transverse  section.  The  fibres  are  con- 
nected by  a  homogeneous  mass.  Above  we  have  the  so-called  border-layer* 
which  is  especially  well  reproduced  just  below  the  cells  of  CtaudiuM  {zcl). 
Below  we  come  to  the  epithelium  of  the  scftla  tympani,  which  is  slightly 
thickened  and  quite  loose,  called  the  tympanic  cover-layer  (tyb).  Within 
the  latter,  in  the  inner  third  of  the  membrana  basilaris,  we  see  the  cross- 
section  of  a  vessel,  the  vas  spirals  (i'»p)- 

The  elements  composing  the  organ  of  Corti  are  supported  mainly  by  two 
rows  of  cells,  the  pillarg,  which,  closely  approximated,  ascend  in  the  cochlear 
duct  from  the  base  to  the  apex  of  the  cochlea.  We  differentiate  between 
outer  (aepf)  and  inner  (ip/)  pillars.  Our  specimen  shows  how  both  arise 
by  broad  bases  from  the  membrana  propria,  soon  taper  and  later  agnin 
thicken  to  form  a  headpiece.  While  the  feet  of  the  pillars  are  lying  at  a 
distance,  the  headpieces  are  approximated  in  a  manner  that  the  outer  head 
is  placed  in  a  depression  of  the  inner.  Between  the  two  pillars  a  triangular 
space,  Corti's  tunnel,  is  left.  Its  walls  have  a  protoplasmatic  lining,  which 
emanates  from  two  cells,  situated  at  the  floor  of  the  tunnel,  the  floor^^ls 
(fee).  High  power  shows  a  longitudinal  striation  in  both  pillars,  due  to  & 
deposit  of  special  supporting  fibres.  The  pillars  arc  followed  externally  by 
three  goblet-shaped  cells,  placed  at  short  inter\-als.  They  do  not  reach  the 
membrana  propria,  but  end  considerably  higher.  Their  upper  free  end  is 
closed  by  a  coverlike  plate,  stud<led  with  several  short  h^irs.  These  are  the 
outer  hair-cells  {c-hz)    and  th.>ir  mnlitKri,  rili.i.     The  space  left   between 
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bundle  of  non>medullated  ncrvc-fibres,  which  can  be  traced  between  the 
outer  pillars  to  the  base  of  the  hair-cells,  where  the  fibres  form  a  plexus, 
which  in  turn  sends  off  fibres,  terminating  at  the  hair-cells.  We  can  retrace 
the  bundle  backward  to  the  trunks,  leaving  the  spiral  ganglia.  These  ncTve- 
trunks  lose  their  medullary  sheath  before  piercing  the  membrana  basilaris  by 
the  foramina  ner>'ina  (/n).  As  stated  before,  they  become  continuous  witli 
the  hinnd  Inutd,  and  later  break  up  into  bundles,  finally  reaching  the 
bair*cells. 


PLATE  92 


Fig.  196. — Olfactory  Epithelium  of  the  Sheep 
Fig.  197.— Papilla  Foliate  of  the  Rabbit 


The  olftictory  epithelium  was  presented  to  us  in  ita  gross  structure  and 
its  relation  to  the  respimtorv  epithelium  during  nur  study  of  thi-  imrt.-» 
(p.  n,  22'2).  We  must,  however,  inquire  into  some  of  its  details.  It  can  Ik- 
demonstrated  in  many  ways,  the  easiest  and  must  efficient  being  the  vita] 
methylene  blue  staining.  The  head  of  one  of  the  large  slaughtcr-antmals  is 
used.  As  soon  as  possible  after  death  we  thoroughly  rinse  through  both 
carotids  (see  technique  on  p.  60,  II,  128)  all  the  vessels  of  the  head  with 
warm  Ringer's  solution  and  then  inject  200-500  cm''  of  a  1%  methylene  blue 
solution  at  bod}'  temperature.  An  half  hour  after  the  injection  the  head  ii 
sawn  in  two  through  the  median  line,  and  the  upper  turbinals  arc  fi?ced  in 
anmioniuni-molyhdatc  (p.  62).  After  washing  the  objects  in  running  water 
for  two  hours,  we  place  them  successively,  during  the  same  day,  in  70'f, 
957f  and  absolute  alcohol.  The  following  day  we  cut  largi'  pieces  of  the 
mucouH  membrane  from  the  bone  with  the  razor,  place  them  again  in 
absolute  alcohol  for  two  to  three  hours  and  transfer  to  xylol.  We  may  either 
embed  in  paraffin  or  use  the  chop  method  (p.  35).  The  entire  dehydration 
may  be  omitted,  the  chopped  specimen  being  prepared  directly  from  the 
fixed  and  washed  object.      We  mount  in  levulose. 

Finer  .'^'Irucl.ur  of  the 
Oifartor!,   Epilheiiiun. 

The  staining  is  not  even  througliout.  On  iii.-iny  places  the  olfactory 
cells  "lone  have  stained  blue,  on  others  the  supporting  or  stay  Cells  Iiavi.' 
alMi  taken  the  color.  For  our  description  we  select  a  deeply  blue-stained 
field.  The  ceils  are  not  all  evenly  stain.-d.  Among  the  great  mass  of  celU 
we  distinguish  round  or  oval  cell-bodies,  whlcli  are  mostly  seen  in  the  central 
portion  of  the  luiele.ited  epithelial  /.>ne.  The  fairly  large,  round  or  oval 
nucleus  Is  itK'losed  by  a  narrow  border  of  i>rotoi>lasm,  wliicii  above  and  below 
is  coiiHTiiied  in  a  i>rocess.  The  superficial  i>rocess  is  the  stronger,  it  curves 
thr-iugh  the  non-nuclear  epithelial  /one,  ending  at  the  surface  in  a  small  head. 
which  is  studd.'d  wiHi  several  short  cilia.  The  inferior  process  is  thinner; 
it  ,To>MS  tlu'  nucl.atrd  /one  of  the  epithelioiu  and.  emerging  from  the  latter. 
lK'er):ii,i  a  lurve-fibre  of  the  olfactory  nerve.  The  entire  formation  constitute, 
le-tihre,  transplanted  into  the  epithelium, 
into   or    pierce    through   a    homogeneous 

Av  find  stay-cells  ("tc)  in  the  olfactorv 
:m^   iiRinhrane.      Thev   do   not    .lain    a-    int,ns.iv    as   the    former,   at    timJs 
at  all.      Thry   aie   long,   cytiruhlc-.l    ells,   llu-   nucleus   of   which   is    smaller 
:ST4 


•m  olfactory  cell  (r::) ;  it  is  ) 
The  olfactory  cilia  (rh)   ex 

border,   covering   the   entire    sur 
A.ide   fr-.m   these  olfactory  . 
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than  that  of  the  olfactory  cells  and  lies  more  superficially.  The  cell-body 
is  narrow,  but  much  broader  than  the  peripheral  process  of  the  olfactory 
cell;  beyond  the  nucleus  it  becomes  narrower  and  ends  in  a  thickened  foot 
at  the  beginning  of  the  propria.  Very  frequently  the  foot  divides  (fstz). 
At  the  epithelial  surface  a  border  covers  the  stay-cells,  through  which  the 
olfactory  cilia  penetrate.  It  appears  largely  homogeneous,  or  perhaps  shows 
an  indistinct  striation,  as  though  it  were  composed  of  single  cilia  or  rods. 

Finally  we  find  a  third  variety  of  cells  between  the  feet  of  the  stay-cells, 
the  so-called  boMol^ells  (bz)^  round,  cuboid  or  low  cylindrical  cells. 

The  cellular  propria  harbors  many  blood-vessels  (bg)  and  nerves  (n). 
The  glands  of  BoWtncm  (dr)^  with  their  cuboid  or  conical  cells,  are  also 
well  reproduced.  In  their  lumen  we  most  always  find  blue  dye,  excreted 
by  the  glandular  cells  during  the  injection. 


Fig.  197.— Papilla  Foliata  of  the  Rabbit 

250.     Vital  methylene  blue  method.     Paraffin  section. 

The  tastebuds,  as  the  typical  representatives  of  the  organs  of  taste,  have 
been  presented  to  us  during  our  consideration  of  the  human  tongue  (p.  II,  181), 
where  we  found  large  numbers  of  them  in  the  lateral  parts  of  the  circum- 
vallate  papilla*.  To  study  them  more  closely,  we  select  the  papilla  foliata 
of  the  rabbit,  found  at  the  lateral  surface  of  the  posterior  portion  of  the 
tongue.  They  assimilate  the  human  very  much,  but  are  present  in  larger 
numbers. 

We  employ  the  vital  methylene  blue  method  for  their  representation, 
since  it  not  only  illustrates  the  elements,  constituting  the  buds,  but  also 
the  nerves,  entering  them.  The  technique  of  injection  is  the  same  as  described 
on  p.  60.  Half  an  hour  after  completed  injection  the  tongue  is  excised 
with  the  larynx  from  without.  The  two  papillae  foliate  are  resected  with  the 
razor,  in  a  longitudinal  direction,  viz.,  bisecting  the  papillary  leaves  trans- 
versely, and  are  exposed  to  the  air  for  one-half  to  one  hour  in  a  moist 
chamber.  Fixation,  dehydration  and  embedding  in  paraffin,  as  previously 
described  (p.  62).  The  paraffin  sections  are  placed  parallel  to  the  cut 
surfaces,  so  that  the  papillary  leaves  will  appear  in  transverse  section. 

Structure  of  the  Taste  Buds. 

Not  all  buds  will  stain  equally  well ;  we  must  select  those  that  are  stained 
best.  Our  specimen  shows  four  buds,  appearing  in  their  entire  length,  three 
others  only  in  partial  section.  We  notice  how  the  buds  cros*  the  entire 
thickness  of  the  epithelial  layer,  arising  by  a  broad  base  and  ending  in  a 
pointed,  superficial  head,  where  the  bud  opens  by  the  tostC'pore  (schmp). 
Below  the  bud  is  a  lymph-space,  the  mbgenunol  space  {sbgl)^  which  also 
ascends  on  the  sides  of  the  bud. 

Similar  to  what  we  found  in  the  olfactory  mucous  membrane,  we  have 
again  three  varieties  of  cells:  the  biMMol  cells  {bz)^  forming  the  base  of  the 


bud,  sunnountud  b^  stay-cells  {sts)  and  taste-cells.  Tbc  former  are 
broader  than  the  latter,  lining  the  interior  of  the  bud,  but  also  found  between 
the  taste-cells.  Their  basal  end  presents  footlike  projections,  which  anas- 
tomose with  the  procesBes  of  the  basal  cells.  Their  free  upper  end  terminates 
in  a  fine  point  at  the  floor  of  the  taste-pore.  The  taate-cells  are  very  much 
like  the  olfactory  cells.  Peripherally  they  terminate  in  a  fine  process,  the 
taste-rod,  which  with  its  fellows  forms  a  bundle  of  fine  threads,  projecting 
from  the  taste-pore.  In  one  very  important  respect  the  taste-cells  differ 
from  the  olfactory  cells.  Their  basal  process  is  not  continued  into  a  nerve- 
fibre,  but  ends  at  the  basal  cells.  Hence  we  are  not  dealing  with  peripheral 
nerve-cells   in    this    case. 


.  the 


We  can  see  the  nerves  ascending  everywhere  from  the  aubmucosa  between 
the  leaves  of  the  papillie  and  ending  in  the  epithelium  {iepji). 
fibres  leave  these  bundles  of  nerves  and  form  a  dense  nerve-plexus  (npl) 
beneath  each  bud.  Fibres  from  the  plexus  enter  the  bud  itself,  ascending 
within  it  to  the  taste- pore  with  the  formation  of  numerous  fine  ramifications. 
Other  fibres  form  a  reticulum  around  the  bud,  branching  between  the  sur- 
rounding epithelial  cells. 
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Fig.  198. — Skin  from  the  Palmar  Surface  of  the  Human  Index 

Finger 

Fig.  199. — Skin  from  the  Palmar  Surface  of  the  Human  Index 
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Fig.  198. — Skin  from  the  Palmar  Surface  of  the  Human   IndflG 
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85.     %.     Sublimate.     Frozen  sfction.      Iron-ho'niatoxylin.     RcsorciR  fuclisiR. 

Picrofuclisin. 

Since  the  various  layers  of  the  skin  diflVr  in  regard  to  development  in 
different  parts  of  the  body-surface,  Jt  is  advisable  to  compare  sections  from 
several  regions.  We  will  first  describe  a.  section  through  the  palmar  surface 
iif  the  finger,  which  contains  the  various  layers  of  the  skin  in  a  state  of 
high  development.  Pieces,  about  6  mm  in  thickness,  iire  cut  from  the  palmar 
surface  of  the  distal  phalanx,  reaching  down  to  the  bone;  they  are  fixed 
five  to  six  hours  in  a  S%  solution  of  sublimate,  washed  overnight  in  water 
and  placed  in  5%  formalin.  Formalin  fixation  alone  also  gives  good  vesiults. 
Thin  frozen  sections  arc  first  stained  in  iron-hirmatoxylin  (p.  57)  for  five 
to  ten  minutes,  washed  in  water,  transferred  to  70%  alcohol  and  counter- 
stained  in  rcsorcin  fuchsin  for  fifteen  to  twenty  minutes  (p.  63).  After 
thoroughly  washing  in  95%  alcohol,  we  place  the  sections  for  ten  ininuli- 
in  a  vessel,  containing  picrofuchsin  (p.  67);  they  are  then  rinsed  in  70') 
itleiiliol,  dehydrated,  and  after  xylol  are  mounted  in  balsam. 

Such  a  section  shows  primarily  that  the  outer  skin,  similar  to  mucous 
lueiiibnines  within  tlie  liody,  consi;,ts  of  an  cxturnal  vpitlielial  portion,  the 
epidermis,  and  an  internal  connective  tissue  part,  the  cutis.  The  bound- 
ary hetwccM  tlie.se  two  is  not  a  simple,  smooth  Hiie,  the  cutis  forming  macro- 
seiipic  shelves,  easily  reeogni/ed  in  our  specimen,  which  are  separated 
hy  -hallow  depressions  and  studded  with  two  rows  of  tuftlikc  projections,  the 
papillae.  The  epidermis  covers  the  eutis-shclves  in  such  a  manner  that  tiie 
iiilerpo,,e,l  recesses  call  be  ni.timl  .■xternally  (1  inid  ,v).  The  papilW,  on  the 
other  band,  do  not  ajipear  fxtfrnally,  since  tiie  e]>idermis  not  only  dips  in 
between  tlieiii,  but  also  covers  them  In  a  hugi-  cellular  layer. 
/■piJ.nnis. 

The  epidermis,  a  liijfii  layer  of  stratified  flat  epithelium,  composed  of 
nunier.ms  .strata  of  c.lls,  shows  four  /ones.  ditiVring  distinctly  in  color. 
Outerm„,st  «■,■  h,.ve  the  thickest  layer,  the  bright  yellow  stratum  COtneum 
(.^Ino).  followed  internally  by  a  nuieh  narrower.  yeil..wi>h-l)rovvn  stripe,  the 
stratum  lucidam  (slrlu).  These  two  layers,  e.miposing  by  far  the 
greate.-t  part  of  the  entire  epidermis,  are  distlngulshe.i  by  the  fact  that  no 
nuclei  can  be  seen.  N.^ither  c;.n  wr  tin.l  any  nuclei  in  the  next  layer  with 
imr  method  of  staining.  This  stratum  granulosum  i«trrjr)  is  very  narrow 
in  this  case;  its  cells,  arranged  in  one  or  two  layers,  have  taken  a  black  color, 
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forming  a  black,  undulating  line,  bounding  the  next  layer,  the  Mtratum 
genninatiuufn  (strge)  externally.  The  germinal  layer  fills  out  the  valleys 
between  the  papillae,  showing  distinct,  nucleated  cells. 

Cutis. 

The  cutis,  the  connective  tissue  portion  of  the  skin,  is  divided  into  a  su- 
perficial part,  the  corium,  and  the  deeper  subcutaneous  connective  tissue. 
The  arrangement  of  the  connective  tissue  bundles  of  the  corium  separates 
it  into  two  different  zones.  Beneath  the  epidermis,  in  the  shelves  and  papilla?, 
the  tissues  are  very  dense ;  the  connective  tissue  bundles,  crossing  in  all  direc- 
tions, leave  only  minute  interspaces.  This  outer  part  of  the  corium  has 
been  called  the  parM  papillcaris  (ppco).  The  picture  changes  as  we  pro- 
gress more  deeply.  The  interlacing  bundles  leave  larger  interspaces,  called 
Langer^M  rhombM.  To  this  deeper  portion  of  the  corium  the  name  poTM 
reticulcariSp  or  often  the  misnomer,  tunica  propria,  has  been  given.  The 
corium  gradually  becomes  very  loose,  the  rhombs  growing  larger  and  the 
connective  tissue  bundles  smaller,  and  finally  merges  into  the  gubcutcmeoUB 
connective  tiBBUe  {sbc)^  which  connects  the  skin  with  the  underlying 
organs.  The  connective  tissue  of  the  skin  is  extensively  blended  with  elastic 
fibres,  which  often  form  a  network.  We  notice  that  these  fibres  are  thicker 
below,  gradually  tapering  toward  the  surface.  In  general  they  take  the 
same  course  as  the  connective  tissue  bundles;  in  the  pars  papillaris  they 
ascend  vertically  toward  the  epidermis,  where  they  form  the  delicately  con- 
structed, subepithelial  net  of  elastic  fibres. 

The  rhombs  of  the  pars  reticularis  of  the  corium  are  filled  either  with 
fat  or  glandular  tissue,  the  bodies  of  the  Budoriferous  glundB  (sdr^). 
One  duct  (sdr2)  leaves  each  collection  of  glands,  traversing  the  pars  papil- 
laris vertically  or  obliquely,  and  enters  the  epidermis  always  at  the  floor 
of  an  epidermal  peg.  In  the  epidermis  it  takes  the  characteristic  spiral, 
corkscrew-shaped  course  {sdr^)y  opening  at  the  summit  of  the  cutaneous 
shelves. 

In  the  subcutaneous  tissue  we  find  more  or  less  fat  (/),  depending  upon 
the  state  of  nutrition  of  the  individual.  Here,  too,  we  find  Pater^Pacinian 
COrpUBcleBf  touch-corpuscles.  The  nerve,  going  through  the  axis  of  the 
corpuscle,  is  surrounded,  as  by  a  cloak,  by  several  layers  of  flat  cells.  This 
inner  piston  {ik)  is  in  turn  surrounded  by  numerous  (up  to  60)  con- 
nective tissue  membranes,  lined  by  simple,  flat  epithelium,  the  succeeding 
one  always  enclosing  the  preceding  one  completely.  Aside  from  the  trans- 
verse section  of  the  corpuscle  our  figure  also  shows  two  small  nerve-trunks  {n). 


Fig.  199. — Skin  from  the  Palmar  Surface  of  the  Human  Index 
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300.     %.     Sublimate.     Frozen  section.     Biondi  solution. 

Sections  are  stained  with  Biondi  solution   (p.  67)   for  examination  with 
high  power. 


Velaihil  Str:cltire 
of  Epidermis. 

This  stain  brings  out  the  variouM  laj^crs  of  the  epidermis.  The  stratum 
comeum  (»(rfo)  stains  intensely  red.  It  consists  of  thin,  scaly  cells;  nuclei 
cannot  be  found.  A  high  power  immersion  lens  will  show  that  in  each  cell 
a  deeper  red  outer  zone  surrounds  a  pale  red  inner  layer.  The  oulujr  layer 
consists  of  horny  substance,  keratine;  the  hornlike,  solid  covering  encloses 
liquid  contents.  In  the  stratum  lucidum  we  can  barely  recognize  some  cvUs, 
this  layer  staining  more  orange  in  contradistinction  to  the  stratum  corneum. 
It  contains  a  substance,  which  is  distinguished  by  a  strong  lustre  and  double- 
refraction,  the  eleidin,  which,  even  genetically,  has  probably  nothing  to  do 
with  keratine.  It  is  a  product  of  keratohyolin,  which  fills  the  cell§  of  the 
stratum  granulosum  in  form  of  fine  granules.  These  cells  are  elongated, 
spindle-shaped  cells,  arranged  in  two  or  three  layers,  Each  cell  contains  a 
well-developed  nucleus.  The  granules  are  small  and  round,  filling  the  cell- 
body  entirely.  If  the  specimen  be  stained  with  basic  dyes  e.^clusivcly,  the 
granules  will  eagerly  take  up  the  stain.  They  have  therefore  been  called 
basophilic.  This  basophilia  may  be  compared  with  that  of  Nial'a  granules 
(p.  II,  121);  it  is  only  apparent;  stained  with  heterogeneous  mixtures,  the 
granules  will  always  select  the  acid  dye.  The  stratum  germinativum  {atrgc) 
consists  of  a  deeply  situated,  simple  layer  of  cuboid  or  cylindrical  cells; 
hence  it  has  also  been  described  as  a  separate,  deepest  layer  of  the  epidermis, 
the  stratum  cylindricum.  The  niembrana  propria  is  wanting,  the  con- 
nective tissue  fibres  of  the  corium  piercing  more  or  less  between  the  cylin- 
drical cells  of  the  epidermis.  The  entire  remaining  bulk  of  cells  of  the 
stratum  germinativum  is  also  termed  stratum  Spinosum,  because  these 
cells  are  typical  bristle-cells,  i.e.,  protoplasmatic  fibres  run  through  the  outer 
stratum  of  cells,  which  are  separated  bv  intercellular  spaces,  such  as  we 
had  occasion  to  observe  previously  (p.  11,* 46). 

Ducl.'^  of  ih,:  Sweal-OIands 

A  sudoriferous  duct  is  seen  in  our  specimen,  piercing  the  epidermis.  Its 
wall  in  the  outer  parts  of  the  stratum  germinativum  is  formed  by  the  cells 
of  the  stratum  granulosum,  which  are  arranged  along  the  duct,  appearing 
homogeneous  in  that  portion,  wliich  borders  directly  on  the  lumen.  More 
deeply  in  the  epidermis  the  cells  of  the  stratum  spinosum  itself  form  the 
lining.  They  also  appear  homogeneous  and  are  strikingly  different  in  ap- 
pearance from  the  surrounding  cells.  Within  the  horny  layer  the  duct  lacks 
a  lining,  but  appears  to  have  a  structureless  coat,  wliich  generally  retracts 
from    the    adjacent    mass    of    horny    cells    during    the    preparation    of    the 

111  the  corium  papilla,  shown  alongside,  a  blood-vessel  is  seen  (bg),  which 
terminates   in  loop-shaped  capillaries. 
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Fig.  200. — Sudoriferous  Glands  from  the  Human  Skin 
Fig.  201. — ^Transverse  Section  through  the  Human  Scalp 


Fig.  200. — Stuloriferoiu  Glands  from  the  Human  Sknt 

itO.     -fj.     Subliniate.     Vrozta  •«ction.     Bio»tR  MiiutioB. 

r  BtnuturtM  «/  Ikt 

r  OWdlt. 

Selecting  a  dwp  portion  of  the  itkin,  wv  will  itnd^  the  itnicture  of  tlie 
•iidoriffrouii  f^liuul  under  high  powrr,  Wc  IiimJ  thr  tartout  turtu  of  tlie 
can«]  parttj  in  longiludinid,  pArllv  in  tran»-i-erM?  icrtion.  The  lamm,  nndh 
largrr  lirrtr  lh«n  in  Ihr  fffrrvnt  duct,  i*  lined  bv  high  cuboid  crlls,  tbe  bodies 
of  whith  *how  an  irn-guUr  meNhwork  of  protoplsim.  At  thnr  Free  edg«^  tbe 
crllit  lire  coriTcd  by  »n  intt-n«-lj  rtd.  haniogvn«oiiif  ctilictdar  bordt-r.  wlbcli 
also  dipK  in  Ix'lwnMi  the  heads  uf  the  celln  in  form  of  pegs.  Namerous 
B^crttory  capilltnitS  i-xtf-nd  from  tlir  lumen  deeply  down  bet«H4i  tbe  crjl«. 

Kxtcrnallv  the  Mcrctor,v  epitbrtium  U  cot'ered  br  a  layer  of  fUl  nuclei, 
which,  »■  wr  muy  i-a*il,r  rvcoginM:  in  cri)Ki-»cctions,  belong  to  tmooth  mam' 
cl€  CmUm,  enclosing  the  vnll  of  the  tnbule  in  oblique  apiral  turns.  The  form 
of  thi-M-  conlr«rtiIe  elmu-nta  i«  ntcrly  illustrated  at  (m).  TIm^  tubular  wall 
h«i  only  been  partially  cut,  and  the  outlines  of  the  epithelial  cells  are  ^.e^^^n 
thining  througlt,  bring  covi-red  by  a  Inver  of  itp indie- shaped,  branching 
mUftcle-celU.  The  latter  again  are  externally  coated  by  a  thin,  homog«-ne<]u> 
nwmbrana  propria. 

The  picture  takes  on  essential  changes,  where  the  secreting  tubule  merges 
intf>  the  .'Vi-n't'irv  thirt  fy).  TIi.-  miiscli-<-clls  disappear,  the  nicnibr.-inri 
propria  r.-ir.ainitiK  n-  an  mit^r  roviring.  Tiif  .pitlK-lial  MU  ffra.iualtv 
hi^corri'-  l.>w«T,  a  s.TomI  lay.T  of  flat  cAU  appuarln^  ahovt-  tliecii.  ""liicli  ^t.uTi 
<lic[HT  n-<l  ami  at  tln'  lumen  nier(fc  info  a  ileep  rid  ciiticular  bonh-r.  At 
{,i<i)  th.-  sani.-  <lii«-(  appi'ars  In  transverse  s<Ttion,  iilustrnting  the  doiihlf 
lavi-  "f  .■pithHiiiNi  ami  tlj<-  rharaftcristrc  triangular  lumen.  Between  the 
(Hircniit  s.<'tirnL,s  of  thi  glaTi.liilar  canal  we  find  nrimerous  hJOod-ve.^soU  ; 
nmst-r.lls    [m,,::)    are   also   present. 

Fig.  201. — Transverse  Section  through  the  Human  Scalp 

■_'(!.       ■■■,.       n.rinalin.       Vm/.vu    s.iflnn.       Safr;iniri.       I'ioroimiigearmin. 

I'or  tl„.  .l.i,i.,n>lr-.tioti  of  the  struetnre  ami  arrangement  of  the  hair<, 
lart'er  pir,.--  of  llie  liujm.n  sealp  are  uve.l.  The  hair  is  eut  short  and  llic 
speeiiii.n  juounhd  <m  a  ui.\  plate,  hair  <i..wM  ;  fixation  in  lO'.'l  formalin  for 
ttti.  (lui's  ami  eciuiillv  Intij,'  in  ->'/.  f.irmalin.  Controlling,'  through  a  magnify- 
ing lens,  we  eut  narrow  strips  in  siieh  a  manner  that  the  intracutaneous  por- 
tion of  the  hair  is  cut  oxaetlv  longitmlimillv,  us  far  as  this  is  possible. 
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Frozen  sections  are  made  in  the  same  direction  and  stained  in  safranin 
(p.  68)  for  one  to  two  hours;  wash  well  in  95%  alcohol  and  counterstain  in 
picroindigcarmin  (p.  67)  five  to  ten  minutes.  After  thoroughly  washing 
in  70%  alcohol  the  sections  are  completely  dehydrated  in  absolute  alcohol 
and  through  xylol  mounted  in  Canada  balsam. 

Oeneral   View   of   the 
Structure  of  Hair. 

Our  specimen  shows  a  hair  in  its  entire  length.  It  is  embedded  in  the 
skin  in  an  oblique,  not  a  vertical  direction.  It  presents  a  ghcift,  projecting 
from  the  scalp  (hsch)^  a  root  (/i«r),  embedded  in  the  cofium  {co)y  and  a 
club-shaped  ending,  the  bulb  (hz)^  extending  into  the  subcutaneous  tissue 
{sbc).  The  hair  has  invuginated  the  surface  epithelium,  the  epidermis  (^p)» 
the  latter  surrounding  the  hair  with  special  cellular  sheaths,  the  hair^root 
MheathM.  Our  specimen  clearly  shows  a  narrow,  deep  red,  inner  root^ 
»heath  and  a  broad,  yellowish-red  outer  root'Mheath.  At  the  hair-bulb 
the  elements  of  the  hair  become  continuous  with  those  of  the  root-sheaths. 
Vascular  connective  tissue  pierces  into  the  hair-bulbs  from  below,  forming  a 
button-shaped  invagination,  the  hair^papiUa  {hpa).  The  root-sheaths 
surrounding  the  hair  are  separated  from  the  corium  by  a  strong  connective 

tissue  coat,  the  hair  follicle. 

Sebaceous  Glands. 

From  the  upper  portion  of  the  hair  follicle  large,  racemose  glandular 
masses  pierce  into  the  corium,  the  sebaceous  glands  (tdr),  each  hair  having 
at  least  one.  Their  cellular  coat  is  a  continuation  of  the  outer  root-sheath. 
The  cells  have  increased  in  number,  filling  almost  the  entire  lumen  of  the 
gland.  Fine  fat-globules  are  elaborated  within  the  cells,  hence  these  glands 
will  always  appear  bright  red  when  stained  with  sudan  (compare,  e.g..  Fig. 
198).  When  the  fat-globules  have  been  extracted  by  our  method  of  treat- 
ment (alcohol,  xylol),  a  distinctly  net-form  protoplasm  remains  in  the  cells, 
such  as  we  have  seen  in  our  specimen  under  high  power.  As  we  leave  the 
periphery  of  the  gland  and  gain  the  interior,  the  cells  become  more  fatty,  the 
nuclei  more  rudimentary.  In  the  centre  of  the  gland  the  cells  disintegrate, 
the  debris  and  the  now  free  fat-globules  forming  the  glandular  secretion,  the 

Mebum. 

Below  the  sebaceous  gland  of  the  longitudinally  cut  hair  we  notice  a  yel- 
lowish-green band  (tit/z/?),  descending  from  the  superficial  portion  of  the 
corium  in  a  course,  which  is  slightly  more  oblique  than  that  of  the  hair,  and 
becoming  inserted  in  the  hair- follicle;  in  so  doing,  it  surrounds  the  end  of  the 
sebaceous  gland.  This  is  a  bundle  of  smooth  muscle  fibres,  the  arrector  pHu 
It  comes  from  the  stratum  papillare  of  the  corium;  when  contracting  it  will 
cause  the  hair  to  become  more  erect  and  to  protrude  farther  from  the  scalp 
(gooseskin)  ;  furthermore,  it  will  press  on  the  sebaceous  gland  and  cause  the 
secretion  to  be  poured  out. 

Aside  from  a  number  of  blood-vessels  and  nerves  (n),  our  specimen  shows 
an  abundance  of  fat  (/)  and  numerous  sudoriferous  glands  {schdr). 
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Fig.  202. — Longitudinal  Section  through  the  Human  Hair-Root 
Fig.  203. — Flat  Section  through  the  Human  Scalp 


Fig.  202. — Longitudinal  Section  through  the  Human  Hair-Rootll 


150.      %.      Formalin.      Frozci 


Safranin.      Picroindigcarmin. 


Detail  fUmcture  of  the 

Wc  sliall  now  luaki-  a  close  study  of  the  lower  portion  of  the  hair,  hair-J 
root  and  hair-bulb,  with  a  medium  strength  objective.  First  we  come  to  the] 
connective  tissue  hair-follicle.  It  consists  of  connective  tissue  fibres,  ar-  1 
ranged  in  bundles,  which  externally  run  in  longitudinal,  internally  in  circular*^ 
direction.  It  contains  numerous  blood-vessels  and  nerves;  the  former  never  J 
transgress  the  region  of  tlie  follicle  internally,  tho  Inttcr  may  advance  to  the  I 
outer  root'sheath.  Internally  the  follicle  is  hounded  by  the  glast  m^m-  | 
brane  {glhb),  which,  in  our  specimen,  is  clearly  defined  by  ita  green  color  { 
from  the  blue  connective  tissue  of  the  hair-follicle.  While  the  external  out- 
Iin<*  is  smooth,  it  sends  numerous  processes  inward  between  the  cells  of  the  I 
external  root-sheath. 

The  outer  root-sheath  consists  of  numerous  cellular  layers,  attaining  j 
the  greatest  thickness  at  the  centre  of  the  hair-root,  tapering  above  and  be--I 
low.      Quite  often  the  outline  is  not  smooth,  but  presents  budlike  protuber- f 
ances,  projecting  into  the  hair-follicle.     Similar  to  the  germinal  layer  of  the 
epidermis,  we  may  differentiate  between  an  outer  stratum  cvlindricum  and  ao 
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join  to  form  a  strong  red  band,  which  we  so  distinctly  noticed  in  the  preced- 
ing specimen  at  the  root.  The  band  becomes  lost  near  the  mouth  of  the 
sebaceous  gland.  Internally  the  root-sheaths  are  bounded  by  the  CUticulcL 
of  the  root^heaths  (curv)^  a  simple  layer  of  flat  cells. 

The  hair  itself  arises  from  the  hoir^bulh  {hz)^  where  all  layers  of  the 
hair  as  well  as  the  root-sheaths  come  together.  The  bulb  consists  of  a  pow- 
erful, stratified  cellular  mass,  which  is  enveloped  by  the  vascular  connective 
tissue  papilla.  In  dark  individuals  the  cells  are  always  pigmented.  From 
the  cellular  layer,  surrounding  the  papilla,  develops  the  medullary  9ub^ 
stance  of  the  hair  (ma),  a  string  of  cuboid  cells,  arranged  in  the  axis  of 
the  hair.  It  is  not  very  well  demonstrated  in  our  specimen,  due  to  the  fact 
that  the  section  does  not  fall  exactly  in  the  axis  of  the  hair.  Externally  the 
bulk  of  the  hair  is  formed  by  the  cotticol  substance  (rh).  It  consists  of 
long,  spindle-shaped,  nucleated  cells,  which  can  be  demonstrated  by  heating 
an  eyelash  in  a  drop  of  concentrated  sulphuric  acid  on  a  slide,  covering  it 
with  a  cover-glass  and  isolating  the  cells  by  rocking.  As  shown  in  our  speci- 
men, these  cells  of  the  cortex  contain  pigment,  which  determines  the  color  of 
the  hair.  It  is  deposited  in  the  cells  in  form  of  fine  globules,  being  continued 
also  into  the  cells  of  the  bulb.  In  the  hair-papilla  we  likewise  find  pigment, 
enclosed  in  branching  fibroblasts.  Externally  the  hair  is  bounded  by  the 
CUticula  of  the  hair  (cuh).  It  is  composed  of  nucleated,  rectangular, 
scale-shaped  cells,  which  are  arranged  like  shingles  of  a  roof;  since  the  free, 
upper  border  of  the  cell  is  not  straight,  but  rounded,  undulating  lines,  ap- 
proximately parallel  to  one  another,  are  seen  through  the  microscope,  run- 
ning at  right  angles  to  the  long  axis. 


Fig.  203. — Flat  Section  through  the  Human  Scalp 

85.     %.     Formalin.    Frozen  section.     Safranin.    Picroindigcarmin. 

In  order  to  obtain  good  transverse  sections  through  the  hair,  we  must 
not  simply  cut  parallel  to  the  skin  surface;  that  method  would  result  in 
oblique  sections.  The  best  plan  is  to  excise  square  pieces  from  the  scalp, 
fixed  in  formalin;  using  a  magnifying  lens,  we  determine  the  course  of  the 
hair  at  the  lateral  surfaces;  with  the  razor  we  now  remove  so  much  of  the 
under  surface  of  the  cutis  of  the  scalp  on  one  side  that  the  hairs  of  the  piece 
of  scalp,  now  lying  on  the  freezing-table,  are  vertical.  The  sections  are 
treated  in  the  same  manner  as  in  the  preceding  specimen. 

Arrangement  of  the  Hairs 
in  the  Scalp, 

Such  an  oblique  flat  section  through  the  skin  must  necessarily  furnish 
transverse  sections  through  the  hairs  at  the  different  heights  of  their  im- 
plantation in  the  scalp.  Our  specimen  shows  how  in  the  scalp  the  hairs  are 
always  grouped  in  numbers,  two  to  five  together,  surrounded  by  large  masses 
of  fat;  each  group  of  hairs  is  separated  from  the  next  by  strong  connective 
tissue  septa,  arising  from  the  cutis  of  the  scalp.     In  the  subcutaneous  con- 
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iK'ctive  tissue  wc  find,  anidu  from  the  transvereo  soctioiia  tliroiigli  thi-  Imir* 
root,  ft  collection  of  sudoriferous  glands  {schdr),  which  in  the  lower  por- 
tions of  the  cerium  are  replaced  by  sebaceous  glands  (tdr),  which  disappear 
in  the  upper  parts  of  the  corium.  We  have  numbered  the  various  cross-sec- 
tions of  hairs  in  our  picture  according  to  their  height.  At  ftj  the  section 
has  crossed  the  haii^bulb,  so  that  the  blue-stained  connective  tissue  of  the 
papilla  appears  in  the  centre;  h.j  shows  a  place  just  above  the  papilla;  h^ 
goes  through  the  root  of  the  hair,  the  groon  ring  representing  the  two  layers 
of  the  inner  root-sheath,  filled  with  granules  of  keratohy aline.  At  A,  and 
especially  at  k^  we  have  reached  tlie  keratosed  part  of  Heide'i  and  part  of 
Hurley's  layers,  and  h^  shows  the  fully  keratosed  inner  root-sheHth;  h^ 
demonstrates  two  thin  hairs  in  a  common  follicle,  and  &^  finally  brings  befopi- 
us  the  hair-shaft  within  the  epidermis.  The  arrcctor  pill  muscles  {map)  are 
illustrated  in  several  places. 


^^ 
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Fig.  204. — ^Tran«v«ne  Section  through  the  Dittal  Phalanx  of  a 

Child's  Finger 


Fig.  204.— Tranaver&e  Section  through  the  Distal  Phalanx  of  . 
Child's  Finger 

18.     Formalin.     Frozen  section.     Biondi  solution. 


P'or  the  study  of  tlie  structure  of  the  nail,  sections  through  the  distal 
phalanges  of  the  fingers  of  newborn  infants,  or  such  of  a  few  days  of  age, 
are  best  suited.  The  nail  of  adults  is  hard  to  cut.  The  phalanx  is  fixed  in 
10%  formalin,  transferred  after  twenty-four  hours  to  5%  formalin,  and  sec- 
tioned on  the  freezing  microtome  into  transverse  and  longitudinal  section;;. 
The  cutting  does  not  offer  any  difficulties,  since  the  bone  contains  but  little 
lime.  The  sections  are  stained  in  Biondi  solution  (p.  67).  Transverse  scc- 
3  generally  more  demonstrative  than  longitudinal. 

Our  specimen  shows  the  transversely  cut  bony  ring  of  the  distal  phalanx 
(Aw)  with  its  narrow  cavity  {mah),  which  is  filled  with  bone  marrow.  The 
ring  of  bone  is  surrounded  by  a  connective  tissue  periosteum,  very  rich  in 
cells  at  its  deeper  Inycra,  which  externally  merges  into  the  subcutaneous  con- 
nective tissue  of  the  finger.  In  the  region  of  the  palmar  surface  numerous 
connective  tissue  septa  radiate  outwardly  to  the  coriuni.  In  the  compart- 
ments of  the  finger-tip,  thus  formed,  we  find  luuiuTous  lilood-vessels  us  well 
as  strong  nerve-trunks,  together  with  Pater -Pacinian  tactile  corpuscles 
(t'/jA*).  They  occupy  the  deeper  portions  of  the  subcutaneous  tissue,  being 
followed  externally  by  masses  of  sudoriferous  glands  (schdr),  the  long 
tortuous  ducts  of  which  we  iimv  oh.servu  flin.ughout  the  subcutaneous  tissue, 
the  ci.rium  aM<i  the  papill;e  of  "the  e])idennis. 

StrKclurv   of  llir  Xail. 

The  skin  is  elevated  on  either  side,  forming  tlio  noH-fold  (lum-).  Tlie 
slope  on  either  side  of  tlie  median  line  brings  us  to  the  nail-furrow  (ifl/)- 
The  entire  centre  is  occupied  hy  the  nail-bed  (mih).  A  sliglit  lua.ss  of 
connective  tissue,  intiniutelv  connected  wiHi  the  periostwnn  of  (he  terminal 
phalanx,  arises  dorsallv  in  rejriilui-.  !.i-h,  longitudinal  bands,  wliich  in  our 
transv.rse  section  appear  as  eornh-sliaped  formations.  At  the  region  of  the 
root  of  tlie  nail  tliese  bulKis  or  tracts  are  lower,  hecomin-  hifrJH'r  anteriorly. 
The  intirspaces  belween  tlie  tract-;  are  occupied  liv  the  germinal  layer  of 
Hie  nail  (A);  the  bitter  also  covers  the  surface  of  the  trael>  in  a  thin  con- 
tinuous layer,  merging  into  the  stratum  giTminativum  of  tliv  skin  at  tlu' 
nail-furi-ow.  As  the  tracts  brconie  fialter  posteriorly,  the  germinal  layer  in- 
ena^r>  in  si/e  and  at  fh<'  root  api>ears  c<)Vi-|-ed  iiv  a  stratum  grauulosuui. 
TIk'  latt.r  jH'ev,nts  the  capillaries  of  (he  nail-IW  from  I.ein-  s.rn.  m>  that  the 
nai!   ill   this   re-ion   app.ar.   wliiti>h   externally   (iumik). 

The  body  of  the  nail   (n,,!.)    rests  on   the  germinal   laver :   this    is    the 
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nail  proper.  Posteriorly  it  becomes  thinner  and  merges  into  the  nodl^root, 
anteriorly  it  ends  in  a  free  edge,  laterally  the  sharpened  edge  of  the  matrix 
ends  in  the  furrows.  In  the  latter  the  homy  layer  of  the  epidermis  is  re- 
flected over  the  nail,  forming  a  thin  membrane,  the  eponychixun  (^po)y 
which  covers  the  nail  in  part.  The  under  surface  of  the  nail  is  invested  with 
a  similar  hyponychium.  The  nail  proper  consists  of  flat,  scalelike,  horny 
cells,  which  form  horny  leafs,  arranged  in  shingle-fashion.  These  horny 
scales  can  readily  be  isolated  by  macerating  the  nail  for  several  hours  in  a 
solution  of  potassium  hydroxide  (p.  85). 
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Fig.  205.— Flat  Section  through  the  Waxskin  of  the  Duck's  Beak 

Fig.  206. — Traiuvene  Section  through  the  Waxskin  of  the 

Duck's  Beak 


Fi|r.  ^)5. — Flat  Section  through  the  Waxskin  of  die  Duck's  Beak 

35.     -■J4.      Vital  mt-thylcnf  liluc  niotliod. 

Tlic  sensory  nerve-eodings  in  the  skin  are  very  manifold,  at  one  time  the 
nerves  ending  freely  between  tlie  cells  of  the  epidermis,  as  we  have  seen  in  the 
cornea  (p.  II,  358),  at  others  we  have  the  formation  of  special  cnd-corpiiscleB, 
which  may  be  situated  in  the  stratum  pupillare,  the  corium  or  the  sub- 
cutaneous connective  tissue.  Such  corpuscles  we  have  already  met  in  the 
lliiman  skin  as  Fater-Pacinian  corpuscles  (pp.  11,  379,  890), 

A  very  excellent  object  for  the  study  of  the  nerre- corpuscles  is  the  beak 
of  the  duck.  Here  we  find  such  corpuscles  in  large  nuiiil^rs  in  the  waxskin 
and  the  mucous  membrane  of  the  gums.  The  respective  nerves  can  be  demon- 
strated by  the  vital  methylene  blue  staining  process  in  the  following  manner. 
A  duck  is  killed  with  eldoroform,  the  thorax  opened  by  dividing  the  ribs  on 
either  side  with  bonc-scissora  and  everting  the  manubrium,  including  the  large 
breast -muscles,  upward.  After  opening  the  heart  by  cutting  off  the  apex 
and  removing  the  protruding  blood  by  sponging,  a  wide  cannula,  filled  with 
warm  Hingcr's  fluid,  is  tied  in  the  left  ventricle.  The  rinsing  and  injection 
can  now  be  commenced  according  to  the  previously  stated  rules  (p,  60)  ; 
however,  it  is  a  good  precaution  to  first  tic  the  descending  aorta  within  tlio 
tlioras  as  well  as  the  subclavian  artery  of  either  side  below  the  origin  of  the 
very  thin  common  carotid.  In  that  way  most  of  the  dyeatuff  is  directed 
toward  the  head,  und  the  result  of  the  stiiining  will  be  better. 

Half  an  hour  after  completion  of  (he  injeetiiin  the  upper  part  of  the  beak 
is  removed.  The  waxskin  is  taken  off  from  the  outer  edge  of  the  beak  down 
to  the  bone  and  pieces  of  it  are  placed  in  tlie  moist  chamber.  Very  suitable 
are  also  the  edges  of  tlie  upper  and  lower  beak  with  their  well-known  horny 
lamella'.  Tlie  horny  lamell.f  are  first  removed  witii  the  razor  and  then  th'e 
eiifire  plate  is  taken  ofl'.  The  gtims,  ciit  away  with  the  scalpel  all  «n>und, 
slioLiid  also  be  used.  When  removing  the  latter  we  expose  the  large  branches 
of  tlie  trigeminus  sui»iilying  tin-  beak.  After  assuring  ourselves  under  the 
uiieroscojie  of  tla'  tliorougli  bluing  (if  the  nerves,  the  specimens  are  fixed  in 
the  usual  manner  (p.  fi2).  Waxskin  and  gums  are  dehydrated,  embedded  in 
])ar;iffin.  and  sectione<!.  Fruiii  (he  lamellar  plate  we  make  flat  sections,  after 
dehv.lnition   ami   the  use  of   v.vlol.   "Iiirh   are  mounted   in   Canada   balsam. 

J)  I  sin!. 
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arise  from  it,  which  either  end  freely  in  the  epithelium  or  enter  nerve-end 
corpuscles,  of  which  we  are  able  to  distinguish  two  varieties  here.  The  nerve- 
fibre  may  either  end  in  the  axis  of  a  large  lamellar  body,  the  HerbstUin 
COrpawcle  (hk),  or  it  terminates  in  the   form  of  a  small,  rounded  plate, 

Grandrys  corpuscle  (gk). 

These  specimens  also  demonstrate  the  blood-vessels  (bg)  very  well  in 
some  places.  The  smooth  muscle  of  the  latter  stains  well;  also  the  nerves 
supplying  them  can  often  be  traced  to  their  endings. 


Fig.  206. — ^Transverse  Section  through  the  Waxskin  of  the 

Duck's  Beak 

190.     %.     Vital  methylene  blue  stain.     Paraffin  section.     Paracarmin. 

The  structural  details  of  these  corpuscles  we  will  study  on  a  section 
through  the  waxskin.  The  sections  are  made  vertically  to  the  surface, 
15-20  pii  thick.  Without  being  pasted  on  first,  the  paraffin  sections  are 
brought  from  the  knife  directly  to  a  dish  of  xylol,  thereafter  to  absolute  and 
90%  alcohol.  They  are  now  stained  for  one  to  two  minutes  in  paracarmin 
(p.  55),  washed  in  absolute  alcohol,  and  mounted  through  xylol  in  Canada 
balsam. 

Flerhsttan   Corpuscles. 

Our  specimen  shows  two  Herbstian  corpuscles,  one  in  longitudinal  sec- 
tion {hki)i  the  other  in  transverse  section  (AA*o).  Similar  to  our  findings  in 
the  Pater-Pacinian  corpuscles,  we  again  notice  numerous  connective  tissue 
lamella*,  one  invaginated  in  another,  and  covered  on  their  inner  surface  by 
epithelioid  cells.  The  laniellas  which  are  by  no  means  as  numerous  as  in  the 
Patcr-Pacinian  corpuscles,  arc  found  at  great  intervals  externally,  but 
further  inward  become  more  closel\'  aggregated,  thus  imparting  to  the  inner 
portion  of  the  capsule  a  more  homogeneous  appearance,  which  is  increased 
by  the  disappearance  of  the  lining  cells. 

A  medullated  nerve^fibre  enters  the  corpuscle,  pierces  the  capsular 
membranes  and,  losing  its  medullary  sheath,  arrives  at  the  axis  of  the  cor- 
puscle. It  runs  along  the  latter  and  ends  within  it  in  a  pyriform  swelling. 
At  both  sides  of  the  axiB^ylinder  we  have  a  row  of  cells,  which  perform 
the  role  of  touch-cellSp  forming  in  their  entirety  the  so-called  inner  ptM^ 
ton*  In  well-stained  specimens  we  may  recognize  short  side-branches,  leav- 
ing the  axis-cylinder  and  ending  lH.»tween  the  cells  of  the  inner  piston.  Thus 
we  have  here  a  very  similar  structure  to  that  of  the  Pater-Pacinian  corpus- 
cles, the  cells  in  the  inner  piston  of  the  latter  being  flatter  and  less  regularly 
arranged. 

Grandry's  Corpuscles, 

These  {gk)  are  entirely  diiFerent  in  construction.  They  only  possess 
two,  but  very  large  touch-cells  of  biscuit  shape,  the  flat  surfaces  of  whicli. 
are  closely  approximated.     The  lamellar  boxes  have  disappeared,  a  thin  con- 


nective  tissue  capsule  surrounding  the  corpuscle.  Here,  too,  a  meduUated 
nerve-fibre  enters  the  corpuscle,  losing  its  myelin  sheath  when  piercing  the 
CApsule.  The  denuded  axis-cylinder  broadens  out  in  the  form  of  u  round, 
flnt  disk,  the  touch-dtMk,  situated  between  the  two  touch-cells.  The  disk 
lies  parallel  to  the  surface  of  llie  wax^kin,  thus  appearing  in  our  cross-sec* 
tion  like  a  niirrow.  blue  stripe.  In  the  preceding  flat  section  we  were  able 
to  see  it  in  its  true  shape;  there  we  can  recognize,  with  high  power,  that  we 
are  not  dealing  with  a  homogeneous  disk,  but  with  the  axis-cylinder,  which 
has  spread  to  form  a  large  network  of  fibrils.  Grajulry's  corpuscles  may 
vary,  inasmuch  as  three,  four  or  five  cells  instead  of  two  can  constitute  a 
corpuscle.  Such  ft  corpuscle,  called  a  columnar  COrpatde,  will  accord- 
ingly have  two,  three  or  four  end-plates,  which,  however,  are  supplied  by  the 
same  nerve- fib  re. 

Our  specimen  shows  how  the  nerve-fibres,  leaving  the  deeply  situated 
trunks  of  the  nerve-plexus  (w),  enter  the  corpuscle.  They  are  accompanied 
by  fibres,  which,  piercing  the  corium  papillae,  enter  the  epidermis  and  end 
freely  between  the  cells  {epm). 
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85.     Fonnnlin.     Frozen  siction.     Iron-Iuemtitoxylin.     Suiiau.     Picrofuchsin. 

To  study  the  mnnimarT  glnnd  during  function,  wc  wlect  the  glands  of 
vinncn  who  have  died  during  ftit'tution.  Moderately  sized  pieces  of  the  organ 
lire  fixed  in  10%  formalin  for  twenty-four  hours,  transferred  to  5%  forma- 
lin, and  cut  on  the  freezing  microtonic.  The  sections  are  first  stained  in  iron- 
hfFtnatoxylin  (p.  57)  for  five  minutes,  rinsed  in  hydrant  water,  transferrwi 
to  50%  alcohol,  and  then  counter  stained  in  tin  alcoholic  solution  of  sudrin 
(p.  6(i).  After  fifteen  minutes  the  sections  are  rinsed  in  water  and  again 
counter  stained  in  picrofuchNin  (p.  67).  The  excess  dye  is  rinsed  off  in 
water  and  the  sections  mounted  la  levulose. 

.V(ruc(ur<r  of  Ihe  Functionating 
liammary    f J  land. 

V,iich  large  mammary  lobe  is  composed  of  numerous  small  lobules,  which 
lire  neparated  hy  strong  connective  tissue  «epta.  Our  specimen  presents 
eight  lobules  (drl).  The  surrounding  fatty  {/)  connective  tissue  contains 
many  blood-vessels  (bg)  and  the  interlobalar  duct*  (ttfg,).  The  latter 
receive  branches  from  tlie  lobules.  One  of  these  (afg.^)  has  been  cut 
longitudinally,  showing  the  branches,  given  ofT,  numerous  tortuous  canaltculi, 
whicli  at  their  termination  enlarge  to  a  sort  of  alveolus. 

The  epithelium,  lining  the  ducts,  is  simple  cuboid.  As  the  ducts  grow 
Inrgir  in  calibre,  the  cells  become  more  cylindrical.  By  the  confluence  of 
the  tubules  .>f  each  lobe  /.  milk-duct  is  fonr.e.l,  in  nil  about  twenty  being 
present  in  one  gland;  thiy  (ij)en  ut  the  nipple,  having  previously  enlargL'd 
in  a  mitksaccale. •  In  tlu'  latter  the  cylindrical  epithelium  is  replaced  by 
the  stratified  cpitlivliuni  of  the  nipple. 


Fig.   208. — Functionating   Human  Mammary  Gland 

600.      I'oriiijilin.      Frozen   section.      Sudan.     BionS  solution. 

To  acquaint  ourselvo  ultli  llu'  finer  structure  of  the  secreting  cnd- 
,vrs.  we  phicc  -.1  thin  fn./en  steti.in  in  rAV '.  alcohol,  stain  for  fifteen 
m.-Jos  in  an  iilcoholic  su<lari-si)hiti()n  (p.  (SO),  wash  in  water,  and  counter- 
sin  in  Biondi  siiltition  (p.  07).     Mounting  in  levulose. 


tiicture  >lii)ws   sueli   a   gliindiilar  ind-piece.      H    is  lined  by    a  simple 
u-uboid    cells,    which    contain    liunuTou,    fat-globules,    stained    yel- 
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lowish  red  by  the  sudan.  The  nuclei  appear  oval  in  cross-section,  round  in 
the  flat  section  (X)-  FIslI  globules  are  present  in  all  sizes,  from  the  size 
of  dust  grain  to  voluminous  drops.  The  latter  are  formed  by  gradual  con- 
fluence of  the  former  and  may  be  present  in  such  quantities  as  to  push  the 
inner  portion  of  the  cell  in  the  glandular  lumen  in  club-shape.  They  after- 
ward burst  into  the  lumen  (/),  forming  an  important  part  of  the  milk. 

Externally  the  epithelium  of  the  alveoli  is  covered  by  branching  cells 
{kz)^  the  processes  of  which  anastomose  and  form  a  protoplasmatic  net- 
work, which  covers  the  surface  of  the  alveoli.  We  thus  have  here  hothet^ 
cells,  so-called,  such  as  we  met  in  the  salivary  glands.  The  basket-cells  are 
covered  by  a  structureless  membrana  propricL  Both  basket-cells  and 
mcmbrana  propria  arc  continued  in  the  ducts.  In  the  connective  tissue,  sur- 
rounding the  alveoli,  we  find  many  migrating  cells. 
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